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CHAPTER I  
INTRODUCTION
S u c c e s s  i n  a  s p o r t  i n v o l v i n g  a  g r e a t  d e a l  o f  move­
m en t from  a n  u p r i g h t  p o s i t i o n  a n d  r a p i d  a d j u s t m e n t s  i n  a 
c o n s t a n t l y  c h a n g in g  game s i t u a t i o n  i s  o f t e n  d e t e r m in e d  by  
t h e  a b i l i t y  t o  move q u i c k l y .  I n  19 ^2  K e l l e r  (1 0 )  r e p o r t e d  
t h a t  q u i c k n e s s  o f  b o d i l y  movement was a  m a jo r  c o n t r i b u t o r  
t o  s u c c e s s  i n  many s p o r t s  a c t i v i t i e s ,  S la te r -H a m m e l  ( 2 5 ) 
l a t e r  s t r e s s e d  t h e  f a c t  t h a t  u n d e r  c o n s t a n t l y  c h a n g in g  
game c o n d i t i o n s  t h e  s u c c e s s f u l  p l a y e r  i s  c h a r a c t e r i z e d  by  
h i s  a b i l i t y  t o  s h i f t  h i s  body  p o s i t i o n  f o r w a r d ,  backw ard  
o r  t o  e i t h e r  s i d e  w i t h  e x t re m e  q u i c k n e s s ,  D ay ton  ( 6 ) em­
p h a s i z e d  t h a t  a t h l e t i c  im p ro v em en t i s  c h a r a c t e r i z e d  by t h e  
d e v e lo p m e n t  o f  a  r a p i d  r a t e  o f  m ovem ent.
F o r  y e a r s  c o a c h e s  and  p h y s i c a l  e d u c a t i o n  i n s t r u c t o r s  
h a v e  b e e n  a w a re  o f  t h e  im p o r ta n c e  o f  s p e e d  o f  movement an d  
i t s  r e l a t i o n s h i p  t o  p e r f o rm a n c e  i n  c e r t a i n  s p o r t s  a c t i v i ­
t i e s ,  And, f o r  y e a r s  r e s e a r c h e r s  h a v e  s t u d i e d  t h e  e f f e c t s  
o f  t r a i n i n g  v a r i a b l e s  s u c h  a s  s t r e n g t h ,  e n d u r a n c e ,  p e r c e p ­
t u a l  c u e s ,  a n d  s p e c i f i c  r e p e t i t i o n  on movem ent t im e  and  
r e a c t i o n  t i m e .  H ow ever, t h e r e  h a v e  b e e n  no s t u d i e s  c i t e d  
d e a l i n g  w i t h  p o s t u r a l  p r e p a r a t i o n  t r a i n i n g  a s  a  m e thod  o f  
d e c r e a s i n g  t o t a l  body  movement t i m e .
Many a u t h o r i t i e s  h a v e  o f f e r e d  o p i n i o n s  r e g a r d i n g  
p o s t u r a l  s e t  a n d  i t s  c o n t r i b u t i o n  to  s u c c e s s  i n  s p e c i f i c
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s p o r t s  a c t i v i t i e s .  F o r  e x a m p le ,  Sharm an (2 4 )  h a s  i n d i c a t e d  
t h e  im p o r ta n c e  o f  body  b a l a n c e  a n d  body  c o n t r o l  i n  b a s k e t ­
b a l l ,  He s t a t e s  t h a t  b o d y  c o n t r o l  i s  d e p e n d e n t  upon t h e  
p l a y e r ’ s  p o s t u r a l  s e t ,  w h ich  t o  a  l a r g e  d e g r e e  d e t e r m i n e s  
t h e  a b i l i t y  t o  s h i f t  o n e ’ s body  q u i c k l y  w h i l e  m a i n t a i n i n g  
b o d y  b a l a n c e  a t  a l l  t i m e s .  He f u r t h e r  s t a t e s  t h a t  t h e  
" b i g "  man i n v o l v e d  i n  s p o r t s  s k i l l s  i s  a t  ev e n  a  g r e a t e r  
d i s a d v a n t a g e  b e c a u s e  o f  a d d e d  h e i g h t  and  t h a t  a  g r e a t  d e a l  
o f  w ork on p o s t u r a l  p o s i t i o n  m ig h t  be i n  o r d e r  t o  overcom e 
t h i s  d i s a d v a n t a g e ,
T i l d e n  ( 1 8 ) i n d i c a t e s  t h a t  f o o tw o rk  i s  t h e  m eans 
f o r  p e r f e c t  w e ig h t  c o n t r o l  and  b a l a n c e .  Good f o o tw o rk  i s  
t h e  m a jo r  c o n t r i b u t o r  t o  s u c c e s s  i n  b o x in g ,  b a s e b a l l ,  
t e n n i s ,  f o o t b a l l ,  b a s k e t b a l l  an d  v a r i o u s  o t h e r  s p o r t s .
He f u r t h e r  s t a t e s  t h a t  t i m i n g ,  w h ich  i s  so  e s s e n t i a l  to  
m o to r  a b i l i t y ,  i s  d e p e n d e n t  upon f o o tw o r k .  He p o i n t s  
d i r e c t l y  t o  t h e  im p o r ta n c e  o f  p o s t u r a l  p o s i t i o n  i n  m o to r  
a c t i v i t i e s ,  T r a b e r t  (1 9 )  f o l l o w s  th e  same l i n e  i n d i c a t i n g  
t h a t  a  good to u r n a m e n t  t e n n i s  p l a y e r  i s  much f a s t e r  a t  
c o v e r i n g  f i v e  y a r d s  o f  c o u r t  th a n  a  s p r i n t e r ,  A c h i e f  
c o n t r i b u t o r  t o  t h i s  a b i l i t y  i s  q u i c k n e s s  o f  b o d i l y  move­
m en t b r o u g h t  a b o u t ,  among o t h e r  t h i n g s ,  by  t h e  p r o p e r  
r e a d y  p o s i t i o n .
I t  becom es e v i d e n t  t h a t  a l l  o f  t h e  f a c t o r s  men­
t i o n e d  i n  t h e  a b o v e  a r e  i n t e r r e l a t e d  v a r i a b l e s  o f  w h ich  
a n y  one o r  a  c o m b in a t io n  o f  them can  g r e a t l y  i n f l u e n c e
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t o t a l  bo d y  movem ent t i m e .  The f o l l o w i n g  c o n c e p t u a l  m odel 
w i l l  o f f e r  a  d i a g r a m a t i c  e x p l a n a t i o n  o f  how t h e s e  f a c t o r s  
may f i t  i n t o  t h e  t o t a l  p i c t u r e *
a c c u r a c y  o f  movement 
-> ( p r e c i s i o n ,  c o o r d i n a t i o n ,  ^  
k i n e s t h e s i s ,  m u s c u la r  
t e n s i o n )  t i m i n g
Body Type Body B a la n c e
Po s t u r a l  -  
P r e p a r a t i o n  
( r e a d y  
p o s i t i o n )
S peed  o f  -  
C o n t r a c t i o n
A
Body
C o n t r o l
#
M o to r
A b i l i t y
S peed  o f  Movement 
^  ( a b i l i t y ) f
Movement
Time
S t r e n g t h  
( s p e c i f i c  
& t o  a  
d e g r e e )
R e a c t io n
Time
i
P e r c e p t u a l
Speed
ttt
N erve  Con­
d u c t i o n  Time
P e r c e p t u a l  
Cues
R e p e t i t i o n  
( s p e c i f i c )
E n d u ra n c e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I .  THE PROBLEM
S ta te m e n t  o f  t h e  P ro b lem
I t  i s  h y p o t h e s i z e d  t h a t  p o s t u r a l  p r e p a r a t i o n ,  o r  
r e a d y  p o s i t i o n  t r a i n i n g ,  c a n  im prove  s i g n i f i c a n t l y  a  p e r ­
s o n ’ s  t o t a l  body  movement t i m e .
S i g n i f i c a n c e  o f  t h e  P ro b le m
The d e t e r m i n a t i o n  o f  a  s im p le  and  e f f e c t i v e  m ethod  
o f  d e c r e a s i n g  t o t a l  body  movement t im e  w ou ld  be  i n v a l u a b l e  
t o  t h e  c o a c h ,  t h e  p h y s i c a l  e d u c a t i o n  t e a c h e r  a n d  th e  
s p o r t s  e n t h u s i a s t ,  who a r e  i n v o lv e d  i n  s p o r t s  a c t i v i t i e s  
i n  w h ich  s u c c e s s  a n d  e n jo y m e n t  a r e  d e p e n d e n t  on sp e e d  o f  
movement i n  c o n t i n u a l l y  c h a n g in g  s i t u a t i o n s .
A g r e a t  d e a l  o f  work h a s  b e e n  done i n  i n c r e a s i n g  
sp e e d  o f  m ovem ent, b u t  m o s t o f  t h o s e  s t u d i e s  c o m p le te d  
hav e  d e a l t  w i th  r e a c t i o n  t i m e .  R e s e a r c h  i n d i c a t e s  t h a t  
r e a c t i o n  t im e  an d  movement t im e  a r e  u n c o r r e l a t e d  f a c t o r s  
o f  t o t a l  s p e e d  o f  m ovem ent. A l th o u g h  t h e  a u t h o r  a g r e e s  
t h a t  d e c r e a s e d  r e a c t i o n  t im e  m ig h t  i n c r e a s e  s p e e d  o f  move­
m e n t,  he  i s  s p e c i f i c a l l y  c o n c e rn e d  w i t h  a  p h y s i c a l  m eans 
o f  d e c r e a s i n g  t o t a l  body  movement t i m e ,
I I .  LIMITATIONS OP THE STUDY
1 ,  C o n t r o l s  p l a c e d  on t h e  o u t s i d e  a c t i v i t i e s  o f  
t h e  s u b j e c t s  w ere  l i m i t e d .
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2 ,  M o t i v a t i o n  w h i l e  t r a i n i n g  an d  t e s t i n g  c o u ld  n o t  
be  c o n t r o l l e d ;  t h e r e f o r e ,  t h e  s u b j e c t s  w ere  
m e r e ly  e n c o u ra g e d  t o  work h a r d  and  t o  move a s  
r a p i d l y  a s  p o s s i b l e ,
I I I .  DEFINITION OF TERMS
The f o l l o w i n g  te rm s  a r e  d e f i n e d  a s  t h e y  w ere  u se d  
in  t h i s  s t u d y :
Dekan T im e r , E l e c t r i c a l  a p p a r a t u s ,  a c c u r a t e  t o  
n e a r e s t  0 ,0 1  o f  a  s e c o n d .  I t  was u s e d  i n  t h i s  e x p e r im e n t  
t o  m e a su re  t o t a l  bo d y  movement t i m e .  (A p p e n d ix  J )
R e a c t i o n  T im e, The e l a p s e d  t im e  from  t h e  o c c u r ­
r e n c e  o f  t h e  s t i m u l u s  t o  t h e  b e g i n n i n g  o f  a  m u sc le  
m ovem ent.
T o t a l  Body Movement T im e , The e l a p s e d  t im e  from  
t h e  b e g i n n i n g  o f  m u s c u la r  movement t o  t h e  t e r m i n a t i o n  o f  
t h e  s p e c i f i e d  a c t .
B e g in n in g  o f  M u s c u la r  M ovement, F o r  t h e  p u r p o s e  
o f  t h i s  s t u d y  t h e  b e g i n n i n g  o f  m u s c u la r  movement i s  d e f i n e d  
a s  t h e  p o i n t  a t  w h ic h  f o o t  movement from  t h e  s t a r t i n g  d e ­
v i c e  a c t i v a t e s  t h e  t i m i n g  m ech an ism .
T o t a l  S peed  o f  R e s p o n s e . The e l a p s e d  t im e  b e tw e e n  
t h e  o c c u r r e n c e  o f  t h e  s t i m u l u s  an d  t h e  c o m p le t io n  o f  a  
s p e c i f i e d  m u s c u la r  m ovem ent.
R eady  P o s i t i o n  ( P o s t u r a l  P r e p a r a t i o n ) . A p o s i t i o n ,  
a s su m e d  p r i o r  t o  b o d y  movement w i t h  k n e e s  b e n t ,  s e a t  down,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6
b a c k  s t r a i g h t ,  h e a d  u p ,  an d  w i t h  body  w e ig h t  e v e n l y  d i s ­
t r i b u t e d  o v e r  t h e  b o t to m s  o f  t h e  f e e t ,  (A p p en d ix  A)
A t h l e t e . F o r  th e  p u r p o s e s  o f  t h i s  s t u d y  an  a t h l e t e  
w as c o n s i d e r e d  t o  h av e  had  p r i o r  h i g h  s c h o o l  v a r s i t y  b a s ­
k e t b a l l  e x p e r i e n c e .  The s u b j e c t s  i n  t h i s  c a t e g o r y  a r e  
p r e s e n t l y  m em bers o f  t h e  U n i v e r s i t y  o f  M ontana F reshm an 
b a s k e t b a l l  te a m .
N o n - A t h l e t e . F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y  a  n o n ­
a t h l e t e  was c o n s i d e r e d  t o  h a v e  h ad  no  p r i o r  h ig h  s c h o o l  
v a r s i t y  b a s k e t b a l l  e x p e r i e n c e .
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CHAPTER I I  
REVIEW OF REI.ATED LITERATURE
I n  t h e  p a s t ,  t h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  
i n  t h e  e f f e c t  o f  v a r i o u s  f a c t o r s  on t o t a l  s p e e d  o f  r e ­
s p o n s e ,  i n c l u d i n g  r e a c t i o n  t im e  an d  movement t im e  s e p ­
a r a t e l y  o r  i n c l u s i v e l y .
Much o f  t h i s  i n t e r e s t  was o r i g i n a l l y  s t i m u l a t e d  
b e c a u s e  o f  t h e  g r e a t  im p o r ta n c e  o f  " s p e e d  o f  movement" f o r  
s u c c e s s  i n  many t y p e s  o f  a t h l e t i c  e n d e a v o r .  T h i s  c h a p t e r  
i n c l u d e s  some o f  t h e  r e s e a r c h  r e l a t e d  t o  r e a c t i o n  t im e  -  
movement t im e  a n d  t h e  v a r i o u s  a f f e c t i n g  f a c t o r s ,  i n c l u d i n g s  
i n i t i a l  b o d y  p o s i t i o n ,  t a s k  s p e c i f i c i t y ,  s t r e n g t h ,  an d  
o t h e r  m i s c e l l a n e o u s  f a c t o r s .
Much o f  t h e  r e s e a r c h  t o  d a t e  h a s  d e a l t  j o i n t l y ,  
a n d  o f t e n  i n  a n  i l l - d e f i n e d  m a n n e r ,  w i t h  r e a c t i o n  t im e  an d  
movement t im e  o r  t o t a l  sp e e d  o f  r e s p o n s e .  I n  t h i s  s t u d y  
r e a c t i o n  t im e  and  movement t im e  w ere  c o n s i d e r e d  s e p a r a t e l y ,  
f o c u s i n g  on  t h e  d i r e c t  c o n t r i b u t i o n  o f  t o t a l  body  movement 
t im e  t o  t o t a l  s p e e d  o f  r e s p o n s e .  H ow ever, i n  o r d e r  to  
o f f e r  a  b r o a d  o v e r v ie w ,  t h i s  r e v ie w  w i l l  be som ewhat l e s s  
r e s t r i c t e d ,
I ,  ATHIÆTIG SUCCESS AND SPEED OF MOVEMENT
Much h a s  b e e n  w r i t t e n  r e g a r d i n g  a t h l e t i c  s u c c e s s  
an d  s p e e d  o f  m ovem ent. Much o f  t h i s  h a s  b ee n  b r o u g h t  o u t
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i n  b o o k s  on v a r i o u s  s u b j e c t s  a s  w e l l  a s  th r o u g h  e m p i r i c a l
i n v e s t i g a t i o n ,
D ay to n  ( 6 ) ,  i n  I 9 6 O, made t h e  f o l l o w i n g  s t a t e m e n t s
" S k i l l s  a r e  d e v e lo p e d  b e c a u s e  t h e  a t h l e t e  
l e a m s  t o  p e r f o rm  t h e  a c t  w i t h  a  b e t t e r  
economy o f  m u s c u la r  e f f o r t .  He i s  a l s o  
a b l e  t o  d e v e lo p  a  r a p i d  r a t e  o f  m ovem en t,"
I n  1 9 ^ 2 ,  K e l l e r  (1 0 )  s t u d i e d  t h e  r e l a t i o n  o f  q u i c k ­
n e s s  o f  b o d i l y  movement t o  s u c c e s s  i n  a t h l e t i c s .  S in c e  i t  
was t h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  t o  com pare  q u i c k n e s s  
o f  b o d i l y  movement i n  a  g e n e r a l  s e n s e  t o  a t h l e t i c  s u c c e s s  
r a t h e r  t h a n  t o  d e t e r m in e  t h e  r e l a t i o n s h i p  b e tw e e n  s p e c i a l ­
i z e d  t e c h n i q u e s  o f  c e r t a i n  s p o r t s  and  s u c c e s s f u l  p a r t i c i ­
p a t i o n  i n  t h o s e  s p o r t s ,  i t  was f i r s t  n e c e s s a r y  t o  s e l e c t  
f o r  m e a su re m e n t  m ovem ents o f  a  g e n e r a l  n a t u r e  t h a t  w ere  
r a t h e r  common t o  m o s t  s p o r t s .  A n a l y s i s  o f  t h e  m ore common 
s p o r t s  showed t h a t ,  i n  t h e  m a in ,  q u ic k  m ovem ents a r e  r e ­
q u i r e d  in  t h r e e  d i r e c t i o n s ,  n a m e ly ,  f o r w a r d ,  to  t h e  r i g h t ,  
and t o  t h e  l e f t .  M ost m a n e u v e rs  a r e  com bined  a rm , l e g ,  
and  t r u n k  m ovem ents , t h u s ,  " t o t a l  body  movement" t im e  was 
m e a s u re d .  S u b j e c t s  i n  t h e  K e l l e r  s tu d y  assum ed  a  r e l a x e d  
p o s i t i o n ,  w i t h  f e e t  s l i g h t l y  s p r e a d  and  h a n d s  on t h e  k n e e s .  
On v a r i o u s  s i g n a l s  th e  s u b j e c t  w ou ld  move t h r o u g h  a  s p e c i ­
f i e d  d i s t a n c e  th r o w in g  a  t a r g e t  s w i t c h  w h ich  m ea su re d  th e  
t o t a l  movem ent c o m p le t io n  t im e  t o  t h e  n e a r e s t  I / 3OO o f  a 
s e c o n d ,  A t o t a l  o f  t h i r t y - s i x  m e a s u re m e n ts  w ere  t a k e n  o f  
e a c h  s u b j e c t .  E i g h te e n  o f  t h e s e  i n v o l v e d  m ovem ents made
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b y  t h e  s u b j e c t  when he d i d  n o t  know i n  w h ic h  d i r e c t i o n  he 
w ou ld  move a n d  t h e  o t h e r  h a l f  w ere  m e a s u re m e n ts  made when 
t h e  s u b j e c t  w as t o l d  i n  w h ich  d i r e c t i o n  he was t o  m ove.
The a r i t h m e t i c  mean o f  t h e  t h i r t y - s i x  m e a s u re m e n ts  was t h e  
f i g u r e  u s e d  t o  r e p r e s e n t  t h e  q u i c k n e s s  o f  b o d i l y  m ovem ent. 
A t h l e t i c  s u c c e s s  was d e t e r m in e d  b y  two m e th o d s  o f  r a t i n g ,  
one o f  w h ic h  w as b a s e d  upon  p e r f o rm a n c e  a n d  t h e  o t h e r  upon  
e s t i m a t e s  b y  c o a c h e s  a n d  p h y s i c a l  e d u c a t i o n  t e a c h e r s .  I n  
e a c h  c a s e  t h e  i n d i v i d u a l  was g iv e n  a  r a t i n g  o f  A, B, C, D, 
o r  E , w h ic h  d i v i d e d  them i n t o  p r e - d e t e r m i n e d  c a t e g o r i e s ,
1 ,  The q u i c k n e s s  s c o r e s  o f  a t h l e t e s  w ere  com pared  
w i t h  t h o s e  made by  men c l a s s e d  a s  n o n - a t h l e t e s ,
2 ,  The r e l a t i o n s h i p s  b e tw e e n  q u i c k n e s s  an d  a t h ­
l e t i c  p e r f o r m a n c e  r a t i n g s  and  b e tw e e n  q u i c k n e s s  
an d  c o a c h e s*  r a t i n g s  w ere  c a l c u l a t e d  by  m eans 
o f  c o n t i n g e n c y  t a b l e s  an d  t h e  r e s u l t i n g  c o e f f i ­
c i e n t s  o f  c o n t i n g e n c y .
C o m p ariso n  o f  t h e  s c o r e s  o f  a t h l e t e s  an d  n o n - a t h l e t e s  
showed t h a t  t h e  a t h l e t e s  a s  a  g ro u p  s c o r e d  s i g n i f i c a n t l y  
b e t t e r  t h a n  t h e  n o n - a t h l e t e s ,
K e l l e r  c o n c lu d e d  t h a t  t h e r e  i s  a  p o s i t i v e  r e l a t i o n ­
s h i p  b e tw e e n  a b i l i t y  t o  move t h e  b o d y  q u i c k l y  and  s u c c e s s  
i n  a t h l e t i c  a c t i v i t i e s .  He a l s o  c o n c lu d e d  t h a t  t h e  r e ­
q u i r e m e n t s  i n  q u i c k n e s s  o f  b o d i l y  movement a r e  n o t  t h e  
same f o r  a l l  s p o r t s .  S lo w e r  p e o p l e  a r e  b e t t e r  o f f  i n  
i n d i v i d u a l  a c t i v i t i e s  s u c h  a s  g y m n a s t i c s ,  swim m ing, o r
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w r e s t l i n g ,  t h a n  i n  s p o r t s ,  su c h  a s  f o o t b a l l ,  b a s k e t b a l l  
an d  b a s e b a l l ,  w here  t h e y  m u s t  r e a c t  t o  r a p i d l y  c h a n g in g  
c o n d i t i o n s  and  t o  t h e  movement o f  te a m m ate s  and  o p p o n e n t s .
I n  1937» B e i s e  an d  P e a s e l y  ( 1 )  c a r r i e d  o u t  an  i n ­
v e s t i g a t i o n  d e a l i n g  w i t h  t h e  r e l a t i o n  o f  r e a c t i o n  t i m e ,  s p e e d  
a n d  a b i l i t y  o f  b i g  m u s c le  g r o u p s  t o  c e r t a i n  s p o r t  s k i l l s .  
T h re e  g r o u p s  o f  u n i v e r s i t y  women w ere  u se d  a s  s u b j e c t s ,
1 .  D e m o n s t ra te d  s k i l l s  i n  t e n n i s ,  g o l f ,  o r  a r c h e r y ,
24 t e n n i s  -  12  g o l f  -  11 a r c h e r y ,
2 .  D e m o n s tra te d  i n a b i l i t y  i n  p h y s i c a l  e d u c a t i o n  
a c t i v i t i e s  ( u n c o o r d i n a t e d )  -  l 4  s u b j e c t s ,
3 . Low B ra c e  m o to r  a b i l i t y  s c o r e  1 ,  2 , 3 o r  4  o r  
t h e  h ig h  s c o r e r s  o f  8 ,  9* 1 0 .
6 -  low  8 -  h ig h
R e s u l t s  i n d i c a t e  t h a t  q u i c k n e s s  i n  r e a c t i o n  t im e ,  sp e ed  
and  a g i l i t y  a r e  f u n d a m e n ta l  t o  s k i l l  i n  c e r t a i n  s p o r t s  
a c t i v i t i e s .  The s k i l l e d  g ro u p  d i f f e r e d  s i g n i f i c a n t l y  from  
t h e  u n s k i l l e d  i n  r e a c t i o n  t im e  o f  l a r g e  m u s c le  g r o u p s ,  
s p e e d  o f  r u n n i n g ,  an d  s p e e d  r e q u i r i n g  d e x t e r i t y  ( a g i l i t y )  
o f  m ov ing  t h e  b o d y .  The s k i l l e d  a l s o  showed g r e a t e r  s t a ­
b i l i t y  i n  r e a c t i o n  t im e  r e g a r d l e s s  o f  t h e  c o n d i t i o n s  u n d e r  
w h ic h  t h e  s t i m u l u s  was g i v e n .  T h o se  i n v o lv e d  i n  s p o r t s  
r e q u i r i n g  r a p i d  c o o r d i n a t i o n  o f  t h e  e n t i r e  body  su c h  a s  
t e n n i s  showed f a s t e r  r e a c t i o n  t i m e ,  s p e e d  a n d  a g i l i t y  th a n  
t h o s e  i n v o l v e d  i n  t h e  m ore s t a t i o n a r y  s p o r t s  su c h  a s  g o l f  
a n d  a r c h e r y  ( w i t h i n  t h e  s k i l l e d  g r o u p ) .
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I I .  INITIAI, BODY POSITION AND MOVEMENT 
TIME-REACTION TIME
I n  1953# S la te r -H a m m e l  (2 5 )  i n v e s t i g a t e d  t h e  e f f e c t  
o f  i n i t i a l  b o d y  p o s i t i o n  on  t o t a l  body  r e a c t i o n  t im e .  H is  
s t u d y  w as p ro m p te d  b y  t h e  f a c t  t h a t ,  a l t h o u g h  l i t e r a t u r e  
was a v a i l a b l e  r e l a t i n g  to  t h e  v a l u e  o f  "movement sp e e d "  
i n  a t h l e t i c s ,  a  c o n c e r n  f o r  t h e  e f f e c t  o f  i n i t i a l  body  
p o s i t i o n  upon  s p e e d  o f  t o t a l  body  r e a c t i o n  h ad  b e e n  n e g ­
l e c t e d .  The v a r i a t i o n s  in  b o d y  p o s i t i o n  in v o lv e d  th e  
d i s t r i b u t i o n  o f  b o d y  w e ig h t  and  t h e  p o s i t i o n  o f  t h e  k n e e s .  
The f o u r  p o s i t i o n s  s t u d i e d  w ere*
1 .  K nees s t r a i g h t  w i t h  w e ig h t  d i s t r i b u t e d  o v e r  
f e e t .
2 .  K nees s t r a i g h t  w i t h  w e ig h t  on b a l l s  o f  f e e t ,
3 .  K nees b e n t  w i t h  w e ig h t  d i s t r i b u t e d  o v e r  f e e t .
4 .  K nees b e n t  w i t h  w e ig h t  on b a l l s  o f  f e e t .
No c o n t r o l s  w ere  p l a c e d  upon t h e  d e g r e e  o f  knee  
b e n d in g ;  e a c h  s u b j e c t  was p e r m i t t e d  t o  b en d  h i s  k n e e s  t o  
t h e  d e g r e e  he  f e l t  m o s t  c o m f o r t a b l e  and  e f f e c t i v e .  I n  
a l l  f o u r  s t a r t i n g  p o s i t i o n s ,  t h e  f e e t  w e re  p a r a l l e l ,  t h e  
bo d y  w as b e n t  f o r w a r d ,  a n d  t h e  h a n d s  w e re  p l a c e d  in  f r o n t  
o f  t h e  b o d y .
From h i s  e x p e r i m e n t a l  d a t a ,  t h e  a u t h o r  c o n c lu d e d  
t h e  f o l lo w in g *
1 ,  The s t a r t i n g  p o s i t i o n s  w i t h  t h e  body  w e ig h t
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d i s t r i b u t e d  o v e r  t h e  f e e t  p r o v e d  s i g n i f i c a n t l y  
q u i c k e r  t h a n  t h o s e  p o s i t i o n s  w i t h  t h e  w e ig h t  
o v e r  t h e  b a l l s  o f  t h e  f e e t .
2 ,  F o r  e a c h  w e ig h t  d i s t r i b u t i o n  g r o u p ,  no s i g n i f i ­
c a n t  d i f f e r e n c e s  w ere  fo u n d  f o r  s t a r t i n g  r e a c ­
t i o n s  i n v o l v i n g  t h e  p o s i t i o n s  o f  t h e  k n e e s ,
3 ,  A p o s t - e x p e r i m e n t  s t u d y  o f  t h e  c h a n g e s  i n  
w e ig h t  d i s t r i b u t i o n  r e v e a l e d  t h a t  m o s t  s u b j e c t s  
c o n s i s t e n t l y  r o c k e d  b a c k  on t h e i r  h e e l s  i n  com­
p l e t i n g  a  r e a c t i o n .
4 ,  I t  was s u g g e s t e d  t h a t  s t a r t i n g  r e a c t i o n s  from  
t h e  b a l l s  o f  t h e  f e e t  r e q u i r e  m ore t im e  b e c a u s e  
t h e  t im e  r e q u i r e d  t o  l o w e r  t h e  h e e l s  t o  th e  
f l o o r  was i n c l u d e d  i n  t h e  r e a c t i o n  t i m e .
I n  1 9 7 0 , D a y ic e  a n d  D en n in g  ( 5 )  c a r r i e d  o u t  a  s i m i ­
l a r  i n v e s t i g a t i o n .  Ten m a le  c o l l e g e  s t u d e n t s ,  r a n g i n g  
from  n i n e t e e n  t o  t w e n t y - f i v e  y e a r s  o f  ag e  s e r v e d  a s  s u b ­
j e c t s ,  The t e s t e d  v a r i a t i o n s  i n  s t a n c e  w e re  a s  f o l l o w s  1
1 ,  K n ees  b e n t ,  f e e t  f l a t  (KB-F)
2 ,  K n ees  b e n t ,  w e ig h t  on  b a l l s  o f  f e e t  (KB-B)
3 ,  K n ees  s t r a i g h t ,  f e e t  f l a t  (K S-F)
4 ,  K n ees  s t r a i g h t ,  w e ig h t  on b a l l s  o f  f e e t  (K S -B ) ,
The t e s t i n g  p r o c e d u r e s  f o l l o w e d  i n  t h i s  s t u d y  w ere
s i m i l a r  t o  t h o s e  u s e d  i n  t h e  e a r l i e r  w o rk s  o f  S la te r - H a m m e l .  
The c o n c l u s i o n s ,  a l s o ,  w e re  i n  a g r e e m e n t  w i t h  t h a t  s t u d y .
The f a s t e s t  r e a c t io n - m o v e m e n t  t im e  was f rom  p o s i t i o n  (KB-F)
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a n d  n o t  (KB-B) a s  h a d ,  p r e v i o u s  t o  S la te r - H a m m e l*s  w ork , 
b e e n  a c c e p t e d .  They a l s o  c o n c lu d e d  t h a t  a  p o s i t i o n  w i t h  
k n e e s  b e n t  w as s u p e r i o r  t o  k n e e s  s t r a i g h t  i f  movement 
s t a r t i n g  p o s i t i o n  was r e s t r i c t e d  t o  t h i s  one  v a r i a b l e ,
I I I .  TASK SPECIFICITY*
REACTION TIME -  MOVEMENT TIME CORRELATION
I n  i 9 6 0 , M endryk (15 )  c a r r i e d  o u t  a  s t u d y  t o  d e t e r ­
m ine  t h e  r e l a t i o n s h i p  o f  r e a c t i o n  t im e  a n d  movement t im e  
an d  t a s k  s p e c i f i c i t y  a t  a g e s  1 2 ,  22 and  48  y e a r s .  One 
h u n d re d  f i f t y  s u b j e c t s  w ere  d i v i d e d  i n t o  t h e  t h r e e  a g e  
g ro u p s  an d  e a c h  g iv e n  one h u n d re d  t e n  t r i a l s  i n  an  arm 
t h r u s t  m ovem ent. R e a c t i o n  t im e  an d  movement t im e  w ere  
fo u n d  t o  be  u n c o r r e l a t e d .  The d a t a  c o n c lu d e d  t h a t  t h e r e  
was m ore t a s k  s p e c i f i c i t y  t h a n  g e n e r a l  s p e e d  a b i l i t y  among 
i n d i v i d u a l  d i f f e r e n c e s  i n  s p e e d  o f  m ovem ent, e v e n  f o r  two 
m ovem ents t h a t  h a v e  a  c o n s i d e r a b l e  common e l e m e n t .
I n  i 9 6 0 , L o t t e r  (1 2 )  s t u d i e d  t h e  i n t e r r e l a t i o n s  
among r e a c t i o n  t im e  and  s p e e d  o f  movement i n  d i f f e r e n t  
l i m b s .  I n  t h i s  s t u d y ,  L o t t e r  d e f i n e s  r e a c t i o n  t im e  a s  
" l a t e n c y  b e tw e e n  s i g n a l  and  s t a r t  o f  m o v em en t,"  an d  move­
m e n t t im e  ( s p e e d  o f  movement o f  a  l i m b ) ,  a s  " t im e  from  
s t a r t  o f  m ovem ent t o  i t s  e n d , "  From t h e  d a t a  c o l l e c t e d  
t h e  a u t h o r  c o n c lu d e d  t h a t  q u i c k n e s s  o f  r e a c t i o n  an d  q u i c k ­
n e s s  o f  m ovem ent a r e  d i s t i n c t l y  d i f f e r e n t  an d  u n r e l a t e d  
a b i l i t i e s .
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I n  1 9 6 1 , S m ith  (2 6 )  made a n  i n v e s t i g a t i o n  c o m p a r in g  
r e a c t i o n  t im e  a n d  m ovem ent t im e  i n  f o u r  l a r g e  m u s c le  move­
m e n t s .  The r e l a t i o n  b e tw e e n  r e a c t i o n  t im e  a n d  movement 
t im e  w as d e t e r m in e d  i n  s e v e n t y  m a le  c o l l e g e  s t u d e n t s .  C o r­
r e l a t i o n s  b e tw e e n  r e a c t i o n  t im e  an d  movem ent t im e  r a n g e d  
from  r «  - . 0 6  t o  . 2 3 , a n d  n o n e  w as s t a t i s t i c a l l y  s i g n i f i ­
c a n t .  I t  w as c o n c lu d e d  t h a t  i n d i v i d u a l  d i f f e r e n c e s  i n  
a b i l i t y  t o  r e a c t  q u i c k l y  a n d  a b i l i t y  t o  move q u i c k l y  a r e  
a l m o s t  e n t i r e l y  u n r e l a t e d .
I n  1 9 6 3 ,  T w e i t ,  G o l l n i c k  a n d  H e a m  (2 8 )  d e t e r m in e d  
t h e  e f f e c t  o f  t r a i n i n g  on t o t a l  bo d y  r e a c t i o n  t i m e .  The 
p u r p o s e  o f  t h i s  s t u d y  was t o  o b s e r v e  e f f e c t s  o f  p h y s i c a l  
t r a i n i n g  on  t h e  t o t a l  body  r e a c t i o n  t im e  i n  a  g ro u p  o f  low  
f i t n e s s  i n d i v i d u a l s .  The c o n c l u s i o n  was t h a t  t o t a l  bo d y  
r e a c t i o n  t im e  c a n  be  im p ro v e d  by  p h y s i c a l  t r a i n i n g .  T h is  
i n v e s t i g a t i o n  w as i n i t i a l l y  s t a r t e d  b e c a u s e  o f  t h e  b e t t e r  
r e a c t i o n  t i m e s  fo u n d  i n  a t h l e t e s .  The a u t h o r s  w a n te d  t o  
know i f  t h i s  was due t o  a n  i n n a t e  q u a l i t y  o r  i f  i t  was d e ­
r i v e d  from  t r a i n i n g ?  Upon c o n c l u s i o n  o f  t h e i r  w ork  i t  was 
s u g g e s t e d  t h a t  r e p o r t e d  d i f f e r e n c e s  b e tw e e n  r e a c t i o n  t im e s  
o f  a t h l e t e s  a n d  n o n - a t h l e t e s  may be due t o  t h e  t r a i n i n g  
p ro g ra m s  t o  w h ic h  t h e y  a r e  s u b j e c t e d ,  i n s t e a d  o f  a n  i n n a t e  
q u a l i t y  w h ic h  some h a v e  s u s p e c t e d .
I n  1 9 6 1 ,  L o t t e r  ( I 3 ) s t u d i e d  t h e  s p e c i f i c i t y  o r  g e n ­
e r a l i t y  o f  s p e e d  o f  s y s t e m a t i c a l l y  r e l a t e d  m ovem en ts . The 
r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e d  t h a t  i n d i v i d u a l  d i f f e r e n c e s
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i n  m a k in g  a  f a s t  movement a r e  q u i t e  s p e c i f i c  t o  t h e  p a r t i c ­
u l a r  m o to r  t a s k ,  r a t h e r  t h a n  e x i s t i n g  a s  a  s p e e d  com ponent 
t h a t  c o u l d  be  m e a s u re d  i n  a  g e n e r a l  m o to r  a b i l i t y  t e s t .
Y ou n g er  ( 3 2 )  d id  a  c o m p a r is o n  o f  r e a c t i o n  t im e s  
a n d  m ovem ent t i m e s  o f  women a t h l e t e s  a n d  n o n - a t h l e t e s .
Arm r e a c t i o n  t i m e s  a n d  m ovem ent t i m e s  o f  s e l e c t e d  women 
a t h l e t e s  a n d  n o n - a t h l e t e s  w ere  c o m p a re d .  S u b p ro b le m s  w ere  
( a )  c o m p a r i s o n  o f  r e a c t i o n  t im e  and  movement t im e  among 
p a r t i c i p a n t s  i n  f o u r  d i f f e r e n t  t y p e s  o f  s p o r t s i  t e n n i s ,  
f e n c i n g ,  swimming a n d  f i e l d  h o c k e y ,  (b )  c o r r e l a t i o n  o f  
r e a c t i o n  t im e  a n d  movement t im e  o f  e a c h  n o n - a t h l e t e  w i t h  
p h y s i c a l  e d u c a t i o n  a c h ie v e m e n t  a s  m e a s u re d  by  l e t t e r  g r a d e ,  
( c )  c o m p a r is o n  o f  t h e  r e a c t i o n  t im e  an d  movement t im e  r a n k  
o f  i n d i v i d u a l  a t h l e t e s  w i t h  t h e i r  c o a c h - a s s i g n e d  a b i l i t y  
r a n k  w i t h i n  a  s p o r t  a c t i v i t y ,  an d  (d )  c o r r e l a t i o n  o f  r e a c ­
t i o n  t i m e  w i t h  movement t i m e .  Y ounger r e p o r t e d  t h e  f o l ­
lo w in g  r e s u l t s I
1 ,  Women a t h l e t e s  a r e  s i g n i f i c a n t l y  f a s t e r  t h a n  
women n o n - a t h l e t e s  i n  s p e e d  o f  arm movement 
a n d  r e a c t i o n  t i m e ,
2 ,  N e i t h e r  r e a c t i o n  t im e  o r  movement t im e  i s  c o r ­
r e l a t e d  w i t h  c o a c h - a s s i g n e d  a b i l i t y  r a n k s  i n  
t e n n i s ,  swimming, f e n c i n g  o r  f i e l d  h o c k e y ,
3# W i th in  t h e  f o u r  a t h l e t i c  g r o u p s  m e n t io n e d ,  s u b ­
j e c t s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  i n  r e a c t i o n  
t i m e .
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4 .  A lo w  b u t  s i g n i f i c a n t  c o r r e l a t i o n  e x i s t s  b e tw e e n  
r e a c t i o n  t im e  a n d  movement t i m e .  T h i s  was t r u e  
among t h e  a t h l e t e s  an d  n o n - a t h l e t e s .
I n  1 9 6 2 , G o t t s h a l l  (9 )  c a r r i e d  o u t  a n  i n v e s t i g a ­
t i o n  t o  d e t e r m in e  t h e  e f f e c t s  o f  two t r a i n i n g  p ro g ra m s  
u p o n  t h e  r e f l e x  a n d  r e a c t i o n  t im e  o f  a d u l t s .  T w e n ty - fo u r  
j a i l  i n m a t e s ,  r a n g i n g  i n  a g e  from  s e v e n t e e n  t o  f i f t y - t w o  
y e a r s ,  w e re  s e l e c t e d  t o  p a r t i c i p a t e  i n  t h i s  s t u d y .  T h re e  
g ro u p s  o f  e i g h t  w ere  p r e - t e s t e d  an d  p o s t - t e s t e d  f o r  p a ­
t e l l a  t e n d o n  r e f l e x  t i m e ,  l o w e r  l e g  r e a c t i o n  t im e  and  
a b i l i t y  t o  do p u s h - u p s ,  s i t - u p s  an d  t h e  s t e p  t e s t .  The 
s p r i n t  g ro u p  w as g iv e n  a  p ro g ra m  o f  s p r i n t  s t a r t s  and  
s h o r t  s p r i n t s .  The e x e r c i s e  g ro u p  f o l lo w e d  a  c o n d i t i o n ­
i n g  p ro g ra m  w h ic h  i n c l u d e d  s i d e  s t r a d d l e  h o p s ,  p u s h - u p s ,  
s i t - u p s ,  c h i n s ,  v e r t i c a l  jum ps an d  r u n n i n g .  B o th  g ro u p s  
w ere  g iv e n  t w e n t y - f o u r  s e s s i o n s .  Group t h r e e  s e r v e d  a s  
a  c o n t r o l  g r o u p .  On t h e  b a s i s  o f  t h e  d a t a  c o l l e c t e d ,  t h e  
a u t h o r  r e p o r t e d  t h e  fo l lo w in g *
1 .  S p r i n t  s t a r t  t r a i n i n g  an d  g e n e r a l  e x e r c i s e  
p ro g ra m s  d i d  n o t  s i g n i f i c a n t l y  s h o r t e n  r e f l e x  
t i m e ,
2 ,  R e a c t i o n  t im e  may be  s h o r t e n e d  by  s p r i n t  s t a r t  
t r a i n i n g  a n d  by  a  g e n e r a l  e x e r c i s e  p ro g ra m  a s  
u s e d  i n  t h i s  s t u d y .
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3 .  R e a c t i o n  t im e  d e c r e a s e d  s i g n i f i c a n t l y  i n  b o th  
g r o u p s  b u t  m ore i n  t h e  e x e r c i s e  g r o u p .
I n  i 9 6 0 , P i e r s o n  a n d  R asch  (2 0 )  i n v e s t i g a t e d  t h e  
g e n e r a l i t y  o f  a  s p e e d  f a c t o r  i n  s im p le  r e a c t i o n  an d  move­
m en t t i m e .  T h i r t y - t w o  m a le  s t u d e n t s  w e re  m e a s u re d  f o r  
r e a c t i o n  t im e  a n d  movement t im e  i n  arm  e x t e n s i o n ,  arm 
f l e x i o n ,  l e g  e x t e n s i o n ,  l e g  f l e x i o n  a n d  o v e r - a l l  body 
s p e e d .  The r e s u l t s  r e p o r t e d  b y  P i e r s o n  a n d  R asch  w ere  
a s  f o l l o w s  I
1 ,  R e a c t i o n  t im e  i s  c o n d i t i o n e d  b y  a  g e n e r a l  
f a c t o r ,
2 ,  Movement t im e  i s  c o n d i t i o n e d  b y  a  g e n e r a l  
f a c t o r ,
3 , Arm f l e x i o n  i s  a  f a s t e r  m ovem ent t h a n  o t h e r s  
t e s t e d ,
4", T h e re  i s  a  low  b u t  s i g n i f i c a n t  r e l a t i o n s h i p  
b e tw e e n  r e a c t i o n  t im e  an d  movement t i m e ,
5 .  R e a c t i o n  t im e  and  movement t im e  a r e  c o n d i t i o n e d  
b y  i n d e p e n d e n t  an d  u n r e l a t e d  f a c t o r s  w h ic h ,  i n  
t h i s  s t u d y ,  d e m o n s t r a t e d  a  p o s i t i v e  r e l a t i o n ­
s h i p .
K e r r  (1 1 )  c o n c u r r e d  w i t h  t h e  f i n d i n g s  o f  P i e r s o n  
a n d  R a sc h ,  I n  a  s t u d y  d e a l i n g  w i t h  t h e  r e l a t i o n s h i p  b e ­
tw een  s p e e d  o f  r e a c t i o n  a n d  movement t i m e ,  K e r r  r e p o r t e d  
s i g n i f i c a n t  c o r r e l a t i o n s  b e tw e e n  r e a c t i o n  t im e  a n d  movement
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t i m e .  T h i s ,  a s  d i d  t h e  e a r l i e r  P i e r s o n - R a s c h  s t u d y  men­
t i o n e d ,  c o n t r a d i c t e d  e a r l i e r  r e v i e w s  r e g a r d i n g  r e a c t i o n  
t im e  a n d  movement t im e  c o r r e l a t i o n s ,
IV . STRENGTH AND SPEED OF MOVEMENT
I n  1 9 5 1 » Z o rb a s  a n d  K a rp o v ic h  ( 3 3 )  i n v e s t i g a t e d  t h e  
e f f e c t s  o f  w e ig h t  l i f t i n g  on t h e  sp e e d  o f  m u s c u la r  c o n t r a c ­
t i o n s ,  T h re e  h u n d re d  w e i g h t - l i f t e r s  s e r v e d  a s  s u b j e c t s  and  
w ere  com pared  t o  a  c o n t r o l  g ro u p  o f  n o n - w e i g h t - l i f t e r s .
The c o n t r o l  g ro u p  c o n s i s t e d  o f  one  h u n d re d  f i f t y  men from  
S p r i n g f i e l d  C o l l e g e  an d  one  h u n d re d  f i f t y  men from  a  l i b ­
e r a l  a r t s  c o l l e g e .  From t h e  d a t a  o b t a i n e d ,  t h e  a u t h o r s  
c o n c lu d e d  t h a t  t h e  w e i g h t - l i f t i n g  g ro u p  w as s i g n i f i c a n t l y  
f a s t e r  i n  t h e  s p e e d  o f  r o t a r y  arm m o t io n  t h a n  t h e  n o n ­
l i f t i n g  g r o u p .  The n o n - l i f t i n g  g ro u p  from  S p r i n g f i e l d  
C o l l e g e  w ere  a l s o  fo u n d  t o  be  s i g n i f i c a n t l y  f a s t e r  t h a n  
t h e  l i b e r a l  a r t s  c o l l e g e  s u b j e c t s .  I t  was f e l t  t h a t  t h i s  
d i f f e r e n c e  w as due t o  t h e  f a c t  t h a t  t h e  S p r i n g f i e l d  C o l l e g e  
s u b j e c t s  e n ^ g e d  i n  p h y s i c a l  a c t i v i t i e s  m ore t h a n  t h e  s u b ­
j e c t s  f ro m  t h e  l i b e r a l  a r t s  c o l l e g e ,
M a s le y ,  H a i r a b e d i a n  a n d  D o n a ld so n  (1 4 )  c a r r i e d  o u t  
a n  i n v e s t i g a t i o n  t o  d e t e r m in e  t h e  r e l a t i o n  o f  w e ig h t  t r a i n ­
i n g  t o  m u s c u l a r  c o o r d i n a t i o n  an d  s p e e d  o f  m ovem ent. Sub­
j e c t s  c o n s i s t e d  o f  s t u d e n t s  w i t h  no p r e v i o u s  w e i g h t -  
t r a i n i n g  e x p e r i e n c e ,  an d  two c o n t r o l  g r o u p s  c o n s i s t i n g  
o f  s t u d e n t s  e n r o l l e d  i n  a  b e g i n n i n g  v o l l e y b a l l  c l a s s  and
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s t u d e n t s  r e q u i r e d  t o  a t t e n d  a  s p o r t s  l e c t u r e  f o r  p h y s i c a l  
e d u c a t i o n  c r e d i t .  I n  t h i s  s t u d y  s p e e d  o f  movem ent was mea­
s u r e d  i n  t e r m s  o f  e l a p s e d  t im e  r e q u i r e d  t o  c o m p le te  t w e n t y -  
f o u r  r e v o l u t i o n s  o f  t h e  arm  i n  a  f r o n t a l  p l a n e . The 
r e s u l t s  w e re  a s  f o l l o w s i
1 ,  The w e ig h t  t r a i n i n g  g r o u p s  i n c r e a s e d  m ore  t h a n
t h e  v o l l e y b a l l  o r  i n a c t i v i t y  g ro u p  d u r i n g  a  s i x -
week p e r i o d .
2 .  A s i g n i f i c a n t  i n c r e a s e  i n  s p e e d  a n d  c o o r d i n a t i o n  
r e s u l t e d  from  s i x  w eeks o f  w e i g h t - t r a i n i n g  a s  
com pared  t o  v o l l e y b a l l  o r  i n a c t i v i t y  f o r  t h e  
same am ount o f  t i m e .
I n  1 9 6 1 , C l a r k  an d  F r a n k l i n  ( 3 ) r e p o r t e d  a  low  b u t  
p o s i t i v e  c o r r e l a t i o n  b e tw e e n  i n c r e a s e  i n  s t r e n g t h  and  i n ­
c r e a s e  i n  s p e e d  o f  m ovem ent. They h y p o t h e s i z e d  t h a t  t h e  
s p e e d  o f  movement c o u ld  be  i n c r e a s e d  by  s t r e n g t h e n i n g  t h e  
m u s c le s  w h ic h  c a u s e d  t h a t  m ovem ent. I n  o r d e r  t o  e x c lu d e  
t h e  p o s s i b i l i t y  t h a t  t h e  a n t i c i p a t e d  i n c r e a s e  m ig h t  s im p ly  
be t h e  r e s u l t  o f  im p ro v ed  n e u ro m o to r  s k i l l  t h e y  u s e d
w e i g h t - t r a i n i n g  m ovem ents w h ic h  w ere  n o t  s p e c i f i c  t o  t h e
movement t o  b e  t e s t e d .  The e x p e r i m e n t a l  g ro u p  f o l l o w e d  a  
w e i g h t - t r a i n i n g  p ro g ra m  d e s ig n e d  t o  i n c r e a s e  m u s c u la r  
s t r e n g t h  o f  t h e  u p p e r  an d  lo w e r  e x t r e m i t i e s .  The c o n t r o l  
g ro u p  r e f r a i n e d  from  p a r t i c i p a t i n g  i n  a t h l e t i c s ,  p h y s i c a l  
e d u c a t i o n  c l a s s e s ,  o r  o t h e r  s y s t e m a t i c  d e v e lo p m e n ta l  
a c t i v i t i e s  d u r i n g  t h e  s e m e s t e r  o f  t h e  e x p e r i m e n t .  The
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movement c h o s e n  f o r  t h e  i n v e s t i g a t i o n  was a  h o r i z o n t a l  
a d d u c t i v e  arm s w i n g .  The r e s u l t s  f o u n d  b y  C l a r k  and  
F r a n k l i n  a r e  a s  f o l l o w s i
1 .  C o n d i t i o n i n g  e x e r c i s e s  o f  t h e  p r o g r e s s i v e  r e ­
s i s t a n c e  t y p e  t h a t  do n o t  d i r e c t l y  i n v o l v e  a  
l a t e r a l  arm t e s t  movement a p p a r e n t l y  c a u s e  
i n c r e a s e d  mean arm s t r e n g t h  i n  t h e  t e s t  p o s i ­
t i o n  a n d  i n c r e a s e d  mean s p e e d  o f  t h e  t e s t  
p o s i t i o n .
2 ,  I n  t h e  arm movement s t u d i e d ,  i n d i v i d u a l  d i f f e r ­
e n c e s  i n  t h e  am ount  o f  c h a n g e  i n  t h e  s t r e n g t h /  
m a ss  r a t i o  h a v e  a  low  b u t  p o s i t i v e  c o r r e l a t i o n  
w i t h  i n d i v i d u a l  c h a n g e s  i n  m ax im al  s p e e d  o f  
m ovem ent ,
3 ,  When no c h a n g e s  a r e  i n v o l v e d ,  t h e r e  i s  no c o n ­
s i s t e n t  c o r r e l a t i o n  b e tw e e n  d i f f e r e n c e s  i n  
s t r e n g t h / m a s s  r a t i o  an d  m ax im al  s p e e d  o f  arm 
m ovem ent .  T h i s ,  a c c o r d i n g  t o  t h e  a u t h o r s ,  s u p ­
p o r t s  t h e  t h e o r y  o f  h i g h  n e u r o m o to r  s p e c i f i c i t y .
4 .  The c o n d i t i o n i n g  e x e r c i s e s  u s e d  i n  t h i s  e x p e r i ­
m e n t  h a v e  no i n f l u e n c e  on r e a c t i o n  t i m e  a b i l i t y .
I n  1 9 6 2 , C l a r k  a n d  G l i n e s  ( 2 )  d i d  a  s t u d y  t o  d e ­
t e r m i n e  t h e  r e l a t i o n s h i p  o f  r e a c t i o n  a n d  movement t i m e s  t o  
c e r t a i n  m o t o r  p e r f o r m a n c e s  s t r e n g t h  s c o r e s ,  a n t h r o p o m e t ­
r i c  m e a s u r e s  a n d  m a t u r i t y  o f  you n g  b o y s .  S u b j e c t s  c o n ­
s i s t e d  o f  s i x t y - f i v e ,  t h i r t e e n  y e a r  o l d  m a l e s .  From
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t h i s  s t u d y ,  C l a r k  a n d  G l i n e s  d rew  t h e  f o l l o w i n g  c o n c l u ­
s i o n s :
1 .  R e a c t i o n  t im e  o f  d i f f e r e n t  bod y  p a r t s  h a v e  a
lo w  r e l a t i o n s h i p  t o  e a c h  o t h e r ,
2 .  R e a c t i o n  t i m e  m e a s u r e s  a r e  n o t  s i g n i f i c a n t l y
r e l a t e d  t o  m o t o r  s t r e n g t h ,  a n d  a n t h r o p o m e t r i c  
t e s t s ,
3 ,  R e a c t i o n  t i m e  i s  a n d  s h o u l d  be  c o n s i d e r e d  a
s p e c i f i c  r a t h e r  t h a n  a  g e n e r a l  t r a i t ,
4 ,  T im es f o r  t o t a l  bo d y  movement o v e r  s h o r t  d i s ­
t a n c e s  ( t e n  f e e t )  a r e  m ore  g e n e r a l ,  s i n c e  t h e y  
h a v e  a  f a i r l y  h i g h  a s s o c i a t i o n  w i t h  m e a s u r e s  o f  
g r o s s  s t r e n g t h ,  r e l a t i v e  ( t o  a g e  a n d  w e i g h t )  
s t r e n g t h ,  s p e e d  an d  a g i l i t y ,  an d  e x p l o s i v e  
p o w e r .
I n  1 9 6 6 , C o l g a t e  ( 4 )  s t u d i e d  t h e  r e l a t i o n s h i p  o f  
s t r e n g t h  t o  s p e e d  o f  movement o f  v a r i o u s  l im b  m o v em en ts .  
F o r t y - n i n e ,  r i g h t  h a n d e d  m a l e s  s e r v e d  a s  s u b j e c t s .  They  
w e re  r a n d o m ly  a s s i g n e d  t o  t h e  a d d u c t i o n - f l e x i o n  g r o u p ,  
a b d u c t i o n - e x t e n s i o n  g r o u p ,  a  g r o u p  t h a t  d i d  b o t h  t y p e s  
o f  e x e r c i s e s ,  o r  t h e  c o n t r o l  g r o u p .  T h e se  movements  w ere  
done  i n  t h e i r  r e s p e c t i v e  g r o u p s  w i t h  w e i g h t s  a n d  t h e i r  
s p e e d  r e c o r d e d .  The c a b l e  t e n s i o m e t e r  was u s e d  t o  mea­
s u r e  t h e  s t r e n g t h  i n  a n  i s o m e t r i c  c o n t r a c t i o n  o f  t h e  
a r m - s h o u l d e r  m u s c l e s  i n  t h e  t e s t  p o s i t i o n s .  The p ro g ra m  
l a s t e d  s i x  w e e k s ,  C o l g a t e  c o n c l u d e d  t h e  f o l l o w i n g  f rom
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h i s  i n v e s t i g a t i o n t
1 ,  A s i g n i f i c a n t  i n c r e a s e  i n  t h e  mean s t r e n g t h  o f  
t h e  a r m - s h o u l d e r  m u s c l e s  i s  a c c o m p a n ie d  by  a
s i g n i f i c a n t  i n c r e a s e  i n  t h e  mean arm s p e e d  i n
t h e  t e s t  p o s i t i o n ,
2 ,  T h e r e  i s  a  p o s i t i v e  r e l a t i o n s h i p  b e tw e e n  i n i ­
t i a l  s p e e d  o f  movement t i m e  o f  t h e  arm and 
i n i t i a l  s p e e d  o f  movement t im e  a g a i n s t  a f i v e -  
pound r e s i s t a n c e ,
3 ,  A s i g n i f i c a n t  i n c r e a s e  i n  a r m - s h o u l d e r  s t r e n g t h  
i n  t h e  t e s t  p o s i t i o n  i s  a c c o m p a n ie d  by  a s i g ­
n i f i c a n t  i n c r e a s e  i n  arm s p e e d  a g a i n s t  a  f i v e -  
pou n d  r e s i s t a n c e  i n  t h e  t e s t  p o s i t i o n .
I n  1 9 6 6 , W h i t l e y  a n d  S m i th  (2 9 )  c a r r i e d  o u t  an
i n v e s t i g a t i o n  c o m p a r in g  t h e  e f f e c t s  o f  s e v e r a l  d i f f e r e n t
t y p e s  o f  w e i g h t - t r a i n i n g  p r o g r a m s  on  s p e e d  o f  movem ent .  
T w e n t y - s i x  s u b j e c t s  p a r t i c i p a t e d  i n  a  p ro g ra m  c a l l e d  i s o ­
m e t r i c - i s o t o n i c ,  They p e r f o r m e d  a  s i x - s e c o n d  s t a t i c  c o n ­
t r a c t i o n  a t  e a c h  o f  s i x  e q u i d i s t a n t  m e a s u r e m e n t  a n g l e s  on 
t h e  movement a r c  d e s c r i b e d  by t h e  arm d u r i n g  t h e  movement 
t e s t .  D u r in g  t h e  r e m a i n d e r  o f  t h e  p e r i o d  t h e y  p e r f o r m e d  
dynam ic  w e i g h t - t r a i n i n g  e x e r c i s e s .  E x t r e m e  c a r e  was t a k e n  
t o  e n s u r e  t h a t  t h e  w e i g h t - t r a i n i n g  p ro g ra m  a v o i d e d  t h e  
t e s t  r a n g e  o f  m ovem ent .  The s p e e d  o f  movement t e s t  u sed  
was t h a t  o f  t h e  h o r i z o n t a l  a d d u c t i v e  arm s w in g  w h ic h  was
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em p lo y ed  by  C l a r k  an d  F r a n k l i n .  T w e n t y - s i x  a d d i t i o n a l  
s u b j e c t s  p a r t i c i p a t e d  i n  a  dynam ic  o v e r l o a d  p r o g ra m .  Each 
o f  t h e s e  s u b j e c t s  moved a  v e r t i c a l l y  s u s p e n d e d  b ox ,  a s  
f a s t  a s  p o s s i b l e ,  s i x  t i m e s  t h r o u g h  t h e  t e s t  r a n g e  o f  
movement t h e  w e i g h t  o f  t h e  box r e m a in e d  c o n s t a n t  t h r o u g h ­
o u t  t h e  p r o g r a m .  A n o t h e r  g r o u p ,  t h e  f r e e  sw in g  g r o u p ,  
c o n s i s t i n g  o f  t w e n t y - s i x ,  w ou ld  s w in g  t h e i r  a rm s  s i x  t i m e s ,  
a s  f a s t  a s  p o s s i b l e ,  t h r o u g h  t h e  s e l e c t e d  r a n g e  o f  move­
m e n t ,  E ach  g r o u p  p e r f o r m e d  i t s  a s s i g n e d  e x e r c i s e  t w i c e  a  
week f o r  a  t e n - w e e k  t r a i n i n g  p e r i o d .  The f i n d i n g s  o f  t h i s  
i n v e s t i g a t i o n  a r e  a s  f o l l o w s i
1 ,  The i s o m e t r i c - i s o t o n i c  and  t h e  d y n a m i c - o v e r l o a d  
g r o u p  showed s i g n i f i c a n t  i n c r e a s e s  i n  s p e e d  o f  
arm m ovement ,
2 ,  The s t r e n g t h  i n c r e a s e  f o r  t h e  i s o m e t r i c -  
i s o t o n i c  a n d  t h e  d y n a m i c - o v e r l o a d  g r o u p  w ere  
s i g n i f i c a n t  w i t h  t h e  f o r m e r  sh o w in g  a s e v e n t e e n  
p e r c e n t  i n c r e a s e  com pared  t o  a  s e v e n  p e r c e n t  
f o r  t h e  l a t t e r .  Even th o u g h  t h e r e  i s  t h i s  d i f ­
f e r e n c e  i n  t h e  am oun t  o f  s t r e n g t h  i n c r e a s e ,  
t h e  s p e e d  g a i n s  r e s u l t i n g  w e re  a l m o s t  i d e n t i ­
c a l .
3 ,  No s i g n i f i c a n t  s p e e d  o r  s t r e n g t h  g a i n s  w ere  
r e g i s t e r e d  by  t h e  f r e e  sw ing  o r  c o n t r o l  g r o u p ,
k .  R e g a r d l e s s  o f  t h e  t y p e  o f  s t r e n g t h e n i n g  e x e r ­
c i s e  u s e d ,  i n c r e a s i n g  t h e  s t r e n g t h  o f  t h e
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m u s c l e s  i n v o l v e d  i n  a  s p e c i f i c  movement makes  
i t  p o s s i b l e  f o r  a n  i n d i v i d u a l  t o  e x e c u t e  a 
f a s t e r  l i m b  m ovem ent .
I n  1 9 5 2 * W i l k i n  ( 3 0 )  com pared  t h e  s p e e d  o f  arm move­
m e n t  o f  a  g r o u p  o f  u n i v e r s i t y  s t u d e n t s  b e f o r e  an d  a f t e r  a  
one  s e m e s t e r  e l e m e n t a r y  w e i g h t - t r a i n i n g  p r o g ra m  an d  t h e  
s p e e d  o f  arm movement o f  a  g ro u p  o f  e x p e r i e n c e d  w e i g h t -  
l i f t e r s  t o  a  c o n t r o l  g r o u p .  The c o n t r o l  g r o u p  c o n s i s t e d  
o f  s t u d e n t s  e n r o l l e d  i n  e l e m e n t a r y  swimming a n d  g o l f  
c l a s s e s .  Prom h i s  e x p e r i m e n t a l  d a t a ,  t h e  a u t h o r  c o n c l u d e d  
t h a t  a  o n e - s e m e s t e r  w e i g h t - t r a i n i n g  p ro g ra m  d o e s  n o t  i n ­
c r e a s e  s p e e d  o f  arm movement a n y  more t h a n  a  s e m e s t e r  o f  
e l e m e n t a r y  swimming o r  g o l f .  I t  was a l s o  f o u n d  t h a t  t h e  
e x p e r i e n c e d  o r  c h r o n i c  w e i g h t - l i f t e r s  w e re  n o t  " m u s c le  
b ound"  i n  t h e  s e n s e  t h a t  t h e i r  s p e e d  o f  movement was im­
p a i r e d ,  T h e i r  s p e e d  w as  a s  g r e a t  a s  t h a t  o f  t h e  o t h e r  
s t u d e n t s  s t u d i e d .
I n  1 9 6 2 , P i e r s o n  an d  R asch  (2 1 )  i n v e s t i g a t e d  t h e  
e f f e c t  o f  g e n e r a l  arm s t r e n g t h  d e v e lo p m e n t  on  t h e  s p e e d  
o f  arm e x t e n s i o n .  They  w e re  c o n c e r n e d  s p e c i f i c a l l y  i n  
t h i s  s t u d y  w i t h  movement t i m e .  T w e n t y - s i x  c o l l e g e  s t u ­
d e n t s  p a r t i c i p a t e d  i n  t h e  e x p e r i m e n t .  A l l  s u b j e c t s  w e re  
e i t h e r  j u n i o r s  o r  s e n i o r s  a n d  t h e  w e i g h t - t r a i n i n g  p ro g ra m  
l a s t e d  f o r  f o u r  w e e k s .  The a u t h o r s  c o n c l u d e d  t h a t  e x e r ­
c i s e s  f o r  g e n e r a l  arm s t r e n g t h  do n o t  a f f e c t  t h e  s p e e d  
o f  arm e x t e n s i o n .
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V. MISCELLANEOUS FACTORS
I n  1937» R a r i c k  (2 3 )  i d e n t i f i e d  s i x  common f a c t o r s  
w h ic h  com bine  t o  l i m i t  man i n  s p e e d  o f  m u s c u l a r  m ovement .  
F i f t y - o n e  m a le  a t h l e t e s  a n d  p h y s i c a l  e d u c a t i o n  m a j o r s  b e ­
tw e e n  t h e  a g e s  o f  e i g h t e e n  an d  t w e n t y - f o u r  s e r v e d  a s  s u b ­
j e c t s ,  T h ro u g h  a n a l y s i s  o f  a  b a t t e r y  o f  a t h l e t i c  an d  
p h y s i o l o g i c a l  t e s t s  f o r  t h e  p r i m a r y  e l e m e n t s  w h ich  l i m i t  
s p e e d  o f  m u s c u l a r  movem ent ,  R a r i c k * s  d a t a  c o n t r i b u t e d  t h e  
f o l l o w i n g I
1 ,  The s t r e n g t h  f a c t o r  c o n t r i b u t e s  l i t t l e ,  i f  a n y ­
t h i n g ,  t o  s p e e d  o f  p e r f o r m a n c e  when p r e s e n t  i n  
q u a n t i t i e s  g r e a t e r  t h a n  a  minimum,
2 ,  The v e l o c i t y  f a c t o r  o r  p u r e  s p e e d  o f  m u s c u l a r
m ovem ent ,  synonymous t o  H i l l ' s  v i s c o s i t y  f a c ­
t o r ,  i s  t h e  c h i e f  f a c t o r  l i m i t i n g  s p e e d  o f  move­
m en t  i n  man,
3 ,  The l i n e a r  o r  h e i g h t  f a c t o r  i s  i m p o r t a n t  i n
a d d i n g  d i s t a n c e  i n  e v e n t s  w h ic h  d ep e n d  on r a p i d  
e x t e n s i o n  o f  t h e  a rm ,  s u c h  a s  i n  s h o t - p u t t i n g ,
4 ,  The arm s t r e n g t h  f a c t o r  a s  d i s t i n c t  f rom  g e n e r a l
s t r e n g t h  e x h i b i t s  o n l y  a  v e r y  s l i g h t  i n f l u e n c e  
on  e f f e c t i v e  p e r f o r m a n c e  i n  s p r i n t s  o r  t h e  S a r ­
g e n t  jump.
5 ,  The d ea d  w e i g h t  f a c t o r  ( w e i g h t  n o t  i n c l u d e d  i n
t h e  m u s c u l a t u r e  o f  t h e  b o d y ) ,  a p p e a r s  t o  a c t
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a s  a n  o p p o s i n g  f o r c e  t o  s p e e d  o f  m u s c u l a r  move­
m e n t .
6 ,  L a t e n c y  o f  m u s c u l a r  r e s p o n s e  seem s t o  e x e r t  no  
s i g n i f i c a n t  i n f l u e n c e  on  s p e e d  o f  movement.
The a b o v e  r e s u l t s  s u g g e s t  t h a t  n o r m a l  i n d i v i d u a l s  w i t h  a  
h i g h  d e g r e e  o f  m o t o r  a b i l i t y  a n d  a v e r a g e  s t r e n g t h  c a n n o t  
i n c r e a s e  t h e i r  s p e e d  o f  m u s c u l a r  p e r f o r m a n c e  t o  a n y  a p p r e ­
c i a b l e  e x t e n t .
I n  1939* E l b e l  ( ? )  d i d  a  s t u d y  on v a r i a t i o n  i n  r e ­
s p o n s e  t i m e .  The p u r p o s e  was t o  d i s c o v e r  t h e  e x t e n t  o f  
v a r i a t i o n  o f  r e a c t io n  t i m e  when t e s t e d  a t  d i f f e r e n t  h o u r s  
t h r o u g h o u t  t h e  d a y .  The r e s u l t s  o f  t h e  t e s t  o f  a l l  s u b ­
j e c t s  i n  h a n d  r e s p o n s e  d i s t i n g u i s h e d  two p e r i o d s  t h r o u g h ­
o u t  t h e  d a y ,  one  i n  t h e  m o r n in g  and  one i n  t h e  a f t e r n o o n ,  
i n  w h ic h  h i g h  mean s c o r e s  a r e  r e a c h e d .  The maximum s p e e d  
was r e a c h e d  i n  t h e  a f t e r n o o n  p e r i o d .  The s l o w e s t  p e r i o d s  
i n  hand  r e s p o n s e  w e re  f o u n d  t o  b e  e a r l y  an d  l a t e  m o r n in g ,  
w i t h  t h e  s l o w e s t  p e r i o d  o f  t h e  d a y  b e i n g  12* 20 p . m . , 
( a r o u n d  n o o n ) .
Various o th er  s t u d i e s  h a v e  b e e n  ca r r ied  o u t  
w h ic h  a d d  some d i m e n s i o n  t o  t h e  s u b j e c t  o f  s p e e d  o f  
m ovem ent .  I n  1951* F r a n k l i n  ( 8 )  u s e d  s h o c k  a s  a  means 
o f  m o t i v a t i o n  f o r  i n c r e a s i n g  s p e e d  o f  m ovem ent .  I n  a l l  
c a s e s  m o t i v a t i o n  p r o d u c e d  a  s t a t i s t i c a l l y  s i g n i f i c a n t  
i n c r e a s e  w i t h  t h e  e x p e r i m e n t a l  g r o u p  making g a i n s  o f  up
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t o  t w e l v e  p e r c e n t  a s  com pared  t o  no  s i g n i f i c a n t  g a i n  f o r  
t h e  c o n t r o l s ,
A s t u d y  b y  W i l s o n  (3 1 )»  i n  1959» g av e  p r e c e d e n c e  t o  
t h e  i n f l u e n c e  o f  r h y t h m i c  o r  n o n r h y t h m i c  s t i m u l u s  p r e s e n ­
t a t i o n s  on  r e a c t i o n  t im e  a n d  movement t i m e .  U s in g  a  p r e p ­
a r a t o r y  s i g n a l  c a d e n c e  o f  e i g h t  l i g h t  f l a s h e s  i n  e a c h  t e s t ,  
s u b j e c t s  w e re  g i v e n  t h i r t y - f i v e  r e a c t i o n  t r i a l s  u n d e r  e a c h  
o f  t h e  two c o n d i t i o n s ,  W i l s o n  c o n c l u d e d  t h a t  r e a c t i o n  
t i m e  i s  f a s t e r  when p o t e n t i a l  s t i m u l i  a r e  p r e s e n t e d  i n  a  
r h y t h m i c  r a t h e r  t h a n  a  n o n r h y t h m i c  s e r i e s .  However ,  s p e e d  
o f  movement i n i t i a t e d  b y  s u c h  r e a c t i o n  i s  n o t  i n f l u e n c e d  
b y  e i t h e r  t h e  r h y t h m i c  o r  n o n r h y t h m i c  m e t h o d s .  S u b s e ­
q u e n t  t o  t h e s e  f i n d i n g s  t h e  a u t h o r  s u b s t a n t i a t e d  e a r l i e r  
s t a t e m e n t s  t h a t  i n d i v i d u a l  d i f f e r e n c e s  i n  q u i c k n e s s  o f  
r e a c t i o n  a n d  q u i c k n e s s  o f  movement a r e  a l m o s t  c o m p l e t e l y  
i n d e p e n d e n t .
S t u d i e s  b y  M a r t e n i u k  (1 7 )  i n  1 9 6 6 ,  a n d  P i s t o c h i n i  
(2 2 )  i n  1967  c o n c l u d e d ,  r e s p e c t f u l l y ,  t h a t  movement t i m e  
i n c r e a s e s  l i n e r a l l y  w i t h  i n c r e a s e d  t e n s i o n ,  a n d  t h a t  r e a c ­
t i o n  t i m e  a n d  movement t i m e  a r e  d e p e n d e n t  on l e v e r  l e n g t h ,  
M a r t e n i u k  b a s e d  h i s  c o n c l u s i o n  on a  s t u d y  i n v o l v i n g  e f f e c t s  
o f  p r i o r  a c t i v a t i o n ,  o r  p r e - i n d u c e d  m u s c u l a r  t e n s i o n  on 
r e a c t i o n  t i m e  a n d  movement t im e  i n  a  com plex  t a s k ,  
P i s t o c h i n i  w as  c o n c e r n e d  w i t h  t h e  c o m p a r i s o n  o f  r e a c t i o n  
t i m e ,  movement t i m e  a n d  l e v e r  l e n g t h .
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V I. SUMMARY OF RELATED LITERATURE
A v a i l a b l e  l i t e r a t u r e  s u p p o r t s  t h e  a s s u m p t i o n  t h a t  
a t h l e t i c  s u c c e s s  i s  r e l a t e d  t o  s p e e d  o f  m ovem ent .  A l th o u g h  
some s t u d i e s  c o n c l u d e  t h a t  s p e e d  o f  movement i s  more im­
p o r t a n t  t o  c e r t a i n  a t h l e t i c  e n d e a v o r s  t h a n  o t h e r s ,  n o n e  
c i t e d  c o n t r a d i c t  i t s  p o s i t i v e  e f f e c t  on a l l  s p o r t .  R eac­
t i o n  t i m e  a n d  movement t i m e  a r e  d e f i n i t e l y  a f f e c t e d  b y  
i n i t i a l  b o d y  p o s i t i o n  a c c o r d i n g  t o  t h e  two s t u d i e s  c i t e d .  
M ost  i n v e s t i g a t i o n s  a g r e e  t h a t  r e a c t i o n  t i m e  a n d  movement 
t im e  a r e  s p e c i f i c  t o  t h e  t a s k  w i t h  movement t i m e  b e i n g  t h e  
more g e n e r a l  o f  t h e  tw o .  H owever ,  d a t a  i s  a v a i l a b l e  t o  
c o n t r a d i c t  t h e s e  s t a t e m e n t s .  The a b i l i t y  t o  r e a c t  q u i c k l y  
a n d  t h e  a b i l i t y  t o  move q u i c k l y  h av e  b ee n  f o u n d  t o  be a l ­
m o s t  u n r e l a t e d .  A l t h o u g h  some r e s e a r c h  h a s  shown t h a t  
r e a c t i o n  t im e  a n d  movement t i m e  ca n  be  c o n d i t i o n e d  by  a  
g e n e r a l  f a c t o r ,  i t  i s  g e n e r a l l y  c o n c l u d e d  t h a t  r e a c t i o n  
t i m e  a n d  movement t im e  a r e  u n c o r r e l a t e d  an d  i n d e p e n d e n t .  
R e s e a r c h  t o  d a t e  i n d i c a t e s  a  p o s s i b l e ,  t h o u g h  n o t  l i n e a r ,  
r e l a t i o n s h i p  b e tw e e n  s t r e n g t h  an d  s p e e d .  I t  h a s  b e e n  co n ­
c l u d e d  t h a t  i n d i v i d u a l s  w i t h  a  h i g h  d e g r e e  o f  m o t o r  a b i l ­
i t y  a n d  a v e r a g e  s t r e n g t h  c a n n o t  i n c r e a s e  t h e i r  s p e e d  o f  
m u s c u l a r  p e r f o r m a n c e  t o  a n y  a p p r e c i a b l e  e x t e n t .  However ,  
s p e c i f i c  m ovem ents  can  be  " s p e e d e d  up" by  i n c r e a s i n g  
s t r e n g t h  i n  m u s c l e s  s p e c i f i c  t o  t h e  m ovem ent .  Time o f  
d a y  can  i n f l u e n c e  s p e e d  o f  movement w i t h  m ax im al  t i m e s
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b e i n g  a c h i e v e d  i n  t h e  m i d d l e  a f t e r n o o n  a n d  t h e  s l o w e s t  t im e  
b e i n g  l a t e  m o r n i n g .  M o t i v a t i o n  a f f e c t s  s p e e d  o f  movement 
s i g n i f i c a n t l y  a s  d o e s  i n c r e a s e d  t e n s i o n  a n d  l e v e r  l e n g t h .  
A l t h o u g h  r e a c t i o n  t i m e  i s  f a s t e r  when s t i m u l a t e d  by  a 
r h y t h m i c  m e th o d  ( a n t i c i p a t i o n ) ,  movement t im e  i s  u n a f f e c ­
t e d  b y  t h e  m e th o d  o f  s t i m u l a t i o n .
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CHAPTER I I I
METHODS AND PROCEDURES
I .  SUBJECTS
Ten m a le  s t u d e n t s  e n r o l l e d  i n  b e g i n n i n g  b a s k e t ­
b a l l  a t  t h e  U n i v e r s i t y  o f  M ontana  d u r i n g  t h e  W i n t e r  
q u a r t e r  1970 s e r v e d  a s  c o n t r o l  a n d  e x p e r i m e n t a l  g r o u p s  
f o r  t h e  u n t r a i n e d  a t h l e t e  p o r t i o n  o f  t h e  s t u d y .  S even  
members o f  t h e  U n i v e r s i t y ' s  f r e s h m a n  b a s k e t b a l l  team 
s e r v e d  a s  c o n t r o l  an d  e x p e r i m e n t a l  g r o u p s  f o r  t h e  t r a i n e d  
a t h l e t e  p o r t i o n .  The p a r t i c i p a t i n g  s u b j e c t s  w e re  r a n d o m ly  
d i v i d e d  i n t o  two g r o u p s  w i t h i n  t h e  r e s p e c t i v e  a r e a s  o f  
t h e  u n t r a i n e d  a n d  t r a i n e d .  Each  a r e a  h ad  a  c o n t r o l  and  
a n  e x p e r i m e n t a l  g r o u p .
D a ta  was c o l l e c t e d  on e a c h  g r o u p  a t t e m p t i n g  t o  
com pare  d e c r e a s e s  i n  t o t a l  bod y  movement t i m e ,  i f  a n y ,  
b e tw e e n  t h e  e x p e r i m e n t a l  g r o u p s  w h ic h  w e re  i n v o l v e d  i n  
a  s p e c i f i c  p o s t u r a l  p r e p a r a t i o n  t r a i n i n g  p ro g ra m  a n d  t h e  
c o n t r o l  g r o u p s  w h ic h  p a r t i c i p a t e d  i n  t h e  o t h e r  fo rm  o f  
p h y s i c a l  a c t i v i t y ,  n a m e ly ,  b a s k e t b a l l .  P h y s i c a l  c h a r a c ­
t e r i s t i c s  o f  t h e  s u b j e c t s  may be fo u n d  i n  A p p en d ix  C.
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TABLE I
PHYSICAL CHARACTERISTICS OF GROUPS
I r o u p  Mean H e i g h t
i n  I n c h e s
Mean W eigh t  
i n  Pounds
Mean Age 
i n  Y e a rs
A (Non-
A t h l e t e s )
C o n t r o l 7 1 . 2 1 6 0 , 0 1 8 ,7
E x p e r i m e n t a l 7 1 . 8 1 6 9 . 0 1 8 , 7
Weans 7 1 . 5 1 6 4 , 5 1 8 .7
B ( A t h l e t e s )
C o n t r o l 7 2 . 3 1 6 8 , 3 1 8 ,6
E x p e r i m e n t a l . .......................... 1 7 2 , 5 ......................................... -  # 5 . _
Weans 7 3 . 3 I 7 0 ,% I F ,  6
Combined Means 7 2 . 4 1 6 7 . 4 1 8 . 6
I I . POSTURAL PREPARATION TRAINING
PROGRAM USED
The p o s t u r a l  p r e p a r a t i o n  t r a i n i n g  p ro g ra m  u s e d  by  
t h e  e x p e r i m e n t a l  g r o u p s  t o  i n d u c e  r e a d y  p o s i t i o n  i n c l u d e  
t h e  f o l l o w i n g »  s i n g l e  t i r e  jum ps ,  d o u b l e  t i r e  jum ps ,  d u a l  
r o p e  ju m p s ,  o p p o s i t e  l e g  c r o s s o v e r s ,  a n d  t u r n  a n d  s t r a d d l e  
ju m p s .  T h ese  w i l l  b e  e x p l a i n e d  i n  d e t a i l  i n  d r a w in g s  t o  
f o l l o w .  The s u b j e c t s  t r a i n e d  on Monday, W ednesday a n d  
F r i d a y  o f  e a c h  week f o r  e i g h t  w e e k s .
T h e s e  e x e r c i s e s  w e re  c a r r i e d  o u t  on a f i v e  s t a ­
t i o n  r o t a t i o n  b a s i s .  E ach  s u b j e c t  e x e r c i s e d  t w e n t y  s e c ­
o n d s  a t  e a c h  s t a t i o n  w i t h  a  f i f t e e n  s e c o n d  r e s t  i n t e r v a l  
b e tw e e n  e x e r c i s e s .  S u b j e c t s  w e n t  t h r o u g h  t h e  c o m p l e t e  
r o t a t i o n  t w i c e  e a c h  s e s s i o n .
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A c t i v i t y  I  -  S i n g l e  T i r e  
(2 0  s e c , ) S t a r t  w i t h  
b o t h  f e e t  i n  t i r e  -  e a c h  
s u c c e s s i v e  jump a l t e r n a t e  
f o o t  p o s i t i o n s  b y  p l a c i n g  
one f o o t  i n s i d e  t i r e  & 
o t h e r  o u t s i d e
A c t i v i t y  I I  -  D oub le  T i r e  
(20  s e c . )  Body f u l l y  e x ­
t e n d e d  i n  f l i g h t .
Jump
V
%
Back
s t r a i g h t  
T o es  
p o i n t e d  
Hands t o  
k n e e s
Jump
Touch  & go 
f o r w a r d
B oth  f e e t  i n s i d e  
t i r e s
T i r e s  p l a c e d  
t o g e t h e r
Touch  & go 
b ac k w ard
A c t i v i t y  I I I  -  D ua l  Ropes  A c t i v i t y  IV -  O p p o s i t e  Leg  
(20  s e c , ) C l im b  u p ,  t h e n  C r o s s o v e r s  (20  s e c , )  
b a c k  down
B oth  f e e t
Taped  l i n e sf
3
i
A c t i v i t y  V -  T u rn  & S t r a d d l e  ( 2 0  s e c . )
P  Jump & T u rn
/ >
1 8 0 °
£
I I I .  LENGTH OP PROGRAM
The l e n g t h  o f  t h e  t r a i n i n g  p ro g ra m  was e i g h t  w e e k s .  
E x p e r i m e n t a l  g r o u p s  w e re  i n v o l v e d  i n  t r a i n i n g  t h r e e  d a y s  
p e r  week (Monday, W ednesday  a n d  F r i d a y )  f o r  a p p r o x i m a t e l y  
f i f t e e n  m i n u t e s  p e r  d a y .  C o n t r o l  Group A was i n v o l v e d  i n  
a  b e g i n n i n g  b a s k e t b a l l  c l a s s  on  t h e  same t h r e e  d a y s .
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C o n t r o l  Group B was i n v o l v e d  i n  t h e  U n i v e r s i t y  o f  M ontana 
F re sh m an  b a s k e t b a l l  p r o g ra m .  The p ro g ra m  b eg an  on J a n u a r y  
1 8 ,  1 9 7 0 , an d  e n d e d  on March 1 2 ,  1 970 .
IV, EQUIPMENT USED IN MEASURING 
TOTAL BODY MOVEMENT TIME
The Dekan t i m e r  was u sed  t o  m e a s u r e  t o t a l  body  
movement t i m e .  T h i s  a p p a r a t u s  i s  a c c u r a t e  i n  d e t e r m i n i n g  
t im e  t o  t h e  n e a r e s t  0 .0 1  o f  a  s e c o n d .
A d e v i c e ,  on w h ic h  t h e  s u b j e c t  s t a n d s  i n  a  ready  
p o s i t i o n ,  was u s e d  t o  s t a r t  t h e  t i m e r .  As t h e  s u b j e c t  
moved o f f  o f  t h i s  d ev ice  t h e  t i m e r  s t a r t e d .  The su b jec t  
s t o p p e d  t h e  t i m e r  by  s t e p p i n g  on a  t a r g e t  m a t .  C a l i b r a ­
t i o n  d a t a  f o r  t h e  Dekan t i m e r  i s  l i s t e d  i n  A ppend ix  J ,
V, PRE- AND POST- TEST MOVEMENT SPEEDS
The experim ent i n c l u d e d  a  t o t a l  body  movement t im e  
p r e - t e s t  a t  t h e  s t a r t  o f  t h e  e x p e r i m e n t  a n d  a  p o s t - t e s t  a t  
t h e  c o m p l e t i o n .  P r i o r  t o  t h e  p r e - t e s t ,  s u b j e c t s  r e c e i v e d  
s t a n d a r d  i n s t r u c t i o n s  p e r t a i n i n g  t o  t h e  e x p e r i m e n t  and d e s ­
c r i p t i o n s  o f  t h e  movem ents  t o  be  t e s t e d .  T h ese  i n s t r u c t i o n s  
may be fo u n d  i n  A p p en d ix  A, The s u b j e c t s  v ie w e d  a  demon­
s t r a t i o n  o f  t h e  a c t u a l  movements  and w ere  e n c o u r a g e d  t o  do 
t h e i r  v e r y  b e s t  d u r i n g  t e s t i n g  an d  t h r o u g h o u t  t h e  e x p e r i m e n t .
To a l l o w  f o r  t h e  l e a r n i n g  p r o c e s s  a n d  t o  serve  a s  a 
warm-up t h e  s u b j e c t s  w ere  a l l o w e d  t o  p r a c t i c e  t h e  v a r i o u s
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m ovem ents  p r i o r  t o  p r e - t e s t  a n d  p r i o r  t o  p o s t - t e s t .  B e f o r e  
t h e  p r e - t e s t  t h e  s u b j e c t s  w e re  g i v e n  f i v e  p r a c t i c e  t r i a l s  
f o r  e a c h  m ovem en t , t h e n  w e re  e n c o u r a g e d  n o t  t o  r e p e a t  o r  
p r a c t i c e  t h e  e x a c t  m ovem ents  d u r i n g  t h e  e x p e r i m e n t ,  A 
t o t a l  o f  f i v e  t r i a l s  was u s e d  f o r  e a c h  movement t o  e s t a b ­
l i s h  a  mean movement t i m e  f o r  s t a t i s t i c a l  a n a l y s i s .  Upon 
c o m p l e t i o n  o f  t h e  e i g h t  week t r a i n i n g  p e r i o d  a l l  s u b j e c t s  
w ere  r e t e s t e d  i n  e x a c t l y  t h e  same m a n n e r  a s  t h e  p r e - t e s t .  
R e f e r e n c e  may b e  made h e r e  t o  t h e  sa m p le  d a t a  c o l l e c t i o n  
s h e e t  i n  A p p en d ix  B,
V I.  MOVEMENTS AND THEIR TIMING
The m ovem ents  m e a s u r e d  were* ( 1 )  movement i n  a  
b a c k w a rd  d i r e c t i o n ,  a n d  ( 2 )  movement i n  a  l a t e r a l  d i r e c ­
t i o n  t o  t h e  d o m in a n t  s i d e .  E ach  movement c o v e r e d  a  d i s ­
t a n c e  o f  e x a c t l y  t e n  f e e t .
B o th  m ovem ents  w ere  c a r r i e d  o u t  i n  t h e  same m an n er  
a n d  f ro m  t h e  same " r e a d y  p o s i t i o n , "  T h i s  p o s i t i o n  was 
e x p l a i n e d  t o  a l l  s u b j e c t s  b e f o r e  t h e  p r e - t e s t .
The s u b j e c t s  w e re  a w a re  o f  t h e  d i r e c t i o n  i n  w h ic h  
t h e y  w e re  t o  move .  However ,  l e a n i n g  i n  t h a t  d i r e c t i o n  was 
n o t  a l l o w e d ,  A v i s u a l  cu e  f rom t h e  e x p e r i m e n t e r  s e r v e d  a s  
t h e  s u b j e c t s *  movement s t i m u l u s .
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V I I .  RELIABILITY OF TEST
The r e l i a b i l i t y  o f  t h e  two m ovements  c o m p r i s i n g  t h e  
t e s t  a r e  a s  f o l l o w s i
1 .  The r e l i a b i l i t y  o f  Movement I  was 0 , 8 9 .
2 ,  The r e l i a b i l i t y  o f  Movement I I  was 0 . 9 1 .
*No s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  m ean s .
R e f e r  t o  A p p e n d ix  P f o r  r e l i a b i l i t y  c a l c u l a t i o n s ,
V I I I .  STATISTICAI, TREATMENT
A c o m p a r i s o n  o f  t h e  d i f f e r e n c e s  b e tw e e n  t h e  mean 
r e s p o n s e  t i m e s  f rom  p r e -  and  p o s t - t e s t s  w e re  t e s t e d  f o r  
e a c h  g r o u p .  The ” t ” t e s t  was u s e d  t o  d e t e r m i n e  i f  t h e r e  
was a  s i g n i f i c a n t  c h a n g e  i n  t o t a l  body  movement t im e  
w i t h i n  t h e  g r o u p s .  The a n a l y s i s  o f  v a r i a n c e  was u se d  t o  
c h e c k  f o r  s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  t h e  g r o u p  means 
o f  t h e  p r e -  and  p o s t - t e s t  d a t a  f o r  e a c h  movement.  The 
l e v e l  o f  c o n f i d e n c e  t h a t  was u s e d  was O .0 5 .
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CHAPTER IV  
ANAIjYSIS and d i s c u s s i o n  o f  RESULTS
I .  INTRODUCTION
The e n s u i n g  c h a p t e r  p r e s e n t s  a n  a n a l y s i s  a n d  d i s ­
c u s s i o n  o f  t h e  r e s u l t s  o f  t e s t s  a d m i n i s t e r e d  t o  s u b j e c t s  
a t  t h e  b e g i n n i n g  an d  end o f  an  e i g h t  week e x p e r i m e n t a l  
p r o g r a m .  S u b j e c t s  w ere  s e l e c t e d  a s  t o  p r i o r  a t h l e t i c  
e x p e r i e n c e  and  t h e n  r a n d o m ly  d i v i d e d  i n t o  c o n t r o l  and  
e x p e r i m e n t a l  g r o u p s  a s  r e p r e s e n t e d  i n  T a b l e  I I .
TABLE I I  
RANDOM DIVISION OF SUBJECTS
C o n t r o l  Non- 
A t h l e t e
E x p e r i m e n t a l  Non- 
A t h l e t e
C o n t r o l  A t h l e t e E x p e r i m e n t a l  A t h l e t e
The s t u d y  was c o n c e r n e d  w i t h  t h e  e f f e c t s  o f  ’’p o s t u r a l  
p r e p a r a t i o n "  t r a i n i n g  on t o t a l  body  movement t i m e .  The 
c o n c l u s i o n s  i n  t h i s  i n v e s t i g a t i o n  w ere  drawn f rom  t h e  raw 
d a t a  fo u n d  i n  A p p e n d ic e s  D a n d  E, A s t a t i s t i c a l  a n a l y s i s  
o f  t h i s  d a t a  an d  a  summary o f  r e s u l t s  w i l l  be p r e s e n t e d  
i n  t h i s  c h a p t e r .
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I I .  ANAI.YSIS OF RESUI.TS
The p r o c e d u r e  u s e d  t o  a r r i v e  a t  a n  a n s w e r  t o  t h e  
q u e s t i o n  o f  w h e t h e r  t h e r e  i s  a  d i f f e r e n c e  b e tw e e n  p r e -  
a n d  p o s t - t e s t  r e s u l t s  w i t h i n  e a c h  g ro u p  i s  known a s  t h e  
P a i r e d  Sam ple  ( t )  t e s t  ( 1 6 ) .
The ( t )  v a l u e s  a r e  p r e s e n t e d  i n  T a b l e s  I I I  and  IV. 
The c a l c u l a t i o n s  o f  t h e s e  v a l u e s  a r e  i n  A p p en d ix  G. T a b l e s  
sh o w in g  p r e -  a n d  p o s t - t e s t  means  f o r  e a c h  g ro u p  may be 
fo u n d  i n  A p p e n d ic e s  D a n d  E.
TABLE I I I  
ANATjYSIS OP RESUI;TS IN MOVEMENT I
Groups D e g re e s  o f  Preedom " t "
C o n t r o l  N o n - A t h l e t e 4 1 .5 7 0
E x p e r i m e n t a l  N o n - A t h l e t e 4 5 .7 1 4 *
C o n t r o l  A t h l e t e 2 .0 1 4
E x p e r i m e n t a l  A t h l e t e 3 4 .4 9 *
^ S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l
TABLE IV
ANAIjYSIS o p  RESUT.TS i n  MOVEMENT I I
G roups D e g r e e s  o f  FY’eedom
•’t "
C o n t r o l  N o n - A t h l e t e 4 0 . 0
E x p e r i m e n t a l  N o n - A t h l e t e 4 42.75""
C o n t r o l  A t h l e t e 2 1 .8 1 9
E x p e r i m e n t a l  A t h l e t e 3 8 .5 0 *
♦ S i g n i f i c a n t  a t  t h e  , 0 5  l e v e l
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The s i g n i f i c a n t  ( t )  v a l u e s  r e p o r t e d  i n  T a b l e s  I I I  
an d  IV i d e n t i f y  t h o s e  g r o u p s  i n  w h ic h  t h e r e  was a  s i g n i f i ­
c a n t  d i f f e r e n c e  i n  p r e -  a n d  p o s t - t e s t  t i m e s .  I n  e v e r y  c a s e  
t h e s e  s i g n i f i c a n t  d i f f e r e n c e s  a r e  fo u n d  i n  t h e  e x p e r i m e n t a l  
g r o u p s .  T h i s  i n d i c a t e s  t h a t  t h e  e x p e r i m e n t a l  p r o c e s s  may 
h ave  some e f f e c t  to w a rd  d e c r e a s i n g  movement t i m e s .
H ow ever ,  i n t e r a c t i o n s  b e tw e e n  g r o u p s  w ere  n o t  
a c c o u n t e d  f o r  an d  i t  was n e c e s s a r y  t o  a p p l y  a  t e s t  w h ich  
t o o k  t h i s  i n t e r a c t i o n  i n t o  a c c o u n t .
The t e s t  u s e d  to  a c c o m p l i s h  t h i s  a n d  h e l p  t o  a n s w e r  
t h e  q u e s t i o n  a s  t o  w h e t h e r  t h e r e  i s  a  d i f f e r e n c e  b e tw e e n  
e x p e r i m e n t a l  an d  c o n t r o l  g r o u p s  was t h e  r a n d o m iz e d  com­
p l e t e  b l o c k  d e s i g n  o f  a n a l y s i s  o f  v a r i a n c e  ( 2 7 ) ,
The d a t a  i s  p r e s e n t e d  i n  b l o c k  fo rm  w i t h  c o n t r o l -  
e x p e r i m e n t a l  ( C a t e g o r y  A) and a t h l e t e - n o n - a t h l e t e  ( C a t e g o r y  
B) m a k in g  up t h e  b l o c k s  ( s e e  T a b l e  I I ) .  The p r o c e d u r e  used  
i s  s l i g h t l y  more com plex  t h a n  t h e  n o rm a l  a n a l y s i s  o f  v a r i ­
a n c e  b e c a u s e  e a c h  b l o c k  i s  d i s p r o p o r t i o n a t e  w i t h  r e s p e c t  
t o  s a m p le  s i z e .  T h i s  p r o c e d u r e  i s  p r e s e n t e d  i n  A ppend ix  
H, The c o m p l e t e d  a n a l y s i s  o f  v a r i a n c e  f o r  Movement I  
a p p e a r s  i n  T a b l e  V,
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TABLE V
COMPIjETED ANAI,YSIS OP VARIANCE -  MOVEMENT I
(PRE- POST-TEST MEAN DIFFERENCES)
S o u rc e d f s s ms F
A a d j u s t e d
f o r  B 1 .0 1 8 4 .0 1 8 4 3 0 . 163*
3 a d j u s t e d
f o r  A 1 ,0001 .0 0 0 1 .0 0 0 1 6 3
AB a d j u s t e d 1 .0 0 0 1 ,0 0 0 1 ,0 0 0 1 6 3
E r r o r 13 .0 0 7 9 .00061 .0 0 0 1 6 3
♦ S i g n i f i c a n t  a t  t h e  ,0 5  l e v e l
The s i g n i f i c a n t  v a l u e  f o r  A a d j u s t e d  f o r  B i n d i ­
c a t e s  t h a t  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  
A b l o c k s .  T h u s ,  a c c o r d i n g  t o  t h i s  a n a l y s i s  w h ich  i s o l a t e s  
a n y  v a r i a t i o n  b e t w e e n  t h e  e x p e r i m e n t a l  a n d  c o n t r o l  g r o u p s  
c a u s e d  b y  t h e  a t h l e t e s  a n d  n o n - a t h l e t e s ,  i t  i s  e s t a b l i s h e d  
t h e r e  i s  a  d i f f e r e n c e  b e tw e e n  e x p e r i m e n t a l  a n d  c o n t r o l  
g r o u p s .  The c o n c l u s i o n  drawn i s  t h a t  t h e  e x p e r i m e n t a l  
p r o c e s s  r e d u c e s  movement t i m e s  more t h a n  t h e  p r a c t i c e  an d  
p l a y  o f  t h e  c l a s s  o r  team  s i t u a t i o n .
An i d e n t i c a l  a n a l y s i s  was a p p l i e d  t o  Movement I I .  
The c o m p le t e d  a n a l y s i s  o f  v a r i a n c e  i s  found  i n  T a b l e  VI 
and t h e  c a l c u l a t i o n s  a r e  shown i n  A p p e n d ix  H.
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TABLE VI
COMPLETED ANALYSIS OF VARIANCE -  MOVEMENT I I  
(PRE- POST-TEST MEAN DIFFERENCES)
S o u rc e d f s s ms F
A a d j u s t e d
f o r  B 1 .0 2 7 3 .0 2 7 3 1 9 .5 0 *
B a d j u s t e d
f o r  A 1 .0 0 4 5 .0 0 4 5 3 .2 1 4
AB a d j u s t e d 1 .0 0 5 5 .0 0 5 5 3 .9 2 8
p r r o r 13 .0 1 8 6 .0 0 1 4
♦ S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l
The c o n c l u s i o n  drawn f rom  T a b l e  V i s  t h a t  t h e r e  i s  
a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  e x p e r i m e n t a l  and  c o n ­
t r o l  p r o c e s s e s  a n d  t h a t  t h e  s u b j e c t s  i n  t h e  e x p e r i m e n t a l  
g ro u p  r e d u c e d  t h e i r  t i m e s  by  a  g r e a t e r  am ount  t h a n  t h o s e  
i n  t h e  c o n t r o l  g r o u p .
S i n c e  b o t h  movements  i n v o l v e d  t h e  same s u b j e c t s  i t  
was p o s s i b l e  t o  a p p l y  a n  a n a l y s i s  o f  v a r i a n c e  t o  t h e  e n t i r e  
s e t  o f  d a t a  t o  d e t e r m i n e  i f  t h e r e  was a  d i f f e r e n c e  b e tw e e n  
t h e  two movem ents  w i t h  r e s p e c t  t o  a v e r a g e  d e c r e a s e  i n  
t i m e s .  The d a t a  i s  b l o c k e d  a c c o r d i n g  t o  m ovements  ( C a t e ­
g o r y  B) an d  e x p e r i m e n t a l - c o n t r o l  ( C a t e g o r y  A),  S i n c e  t h e  
p r e v i o u s  a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  b e tw e e n  a t h l e t e  an d  n o n - a t h l e t e  w i t h  r e s p e c t  t o  
mean d i f f e r e n c e s  i n  p r e -  and  p o s t - t e s t  t i m e s ,  t h e y  h ave  
b ee n  g ro u p e d  t o g e t h e r ,  ( s e e  T a b l e s  V and VI -  B a d j u s t e d  
f o r  A i s  i n s i g n i f i c a n t  f o r  b o t h  m o v e m e n t s ) ,
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T a b l e  V II  p r e s e n t s  t h e  c o m p le t e d  a n a l y s i s  o f  v a r i ­
a n c e  w i t h  p r o c e d u r e s  b e i n g  l o c a t e d  i n  A p p en d ix  I ,
TABLE VII
COMPLETED ANALYSIS OF VARIANCE -  MOVEMENTS I  AND I I  
(PRE- POST-TEST MEAN DIFFERENCES)
S o u rc e d f s s ms F
A a d j u s t e d
7 1 .4 6 *f o r  B 1 .0929 .0 9 2 9
B a d j u s t e d
4 4 . 85*f o r  A 1 . 0 5 8 3 .0 5 8 3
AB a d j u s t e d 1 . 0 0 0 5 ,0 0 0 5 .3 8 0
E r r o r 30 .0 4 0 7 .0 0 1 3
♦ S i g n i f i c a n t  a t  t h e  , 0 5  l e v e l
S i n c e  B a d j u s t e d  f o r  A i s  s i g n i f i c a n t  a t  t h e  . 0 5  
l e v e l  i t  i s  d i s c e r n e d  t h a t  t h e r e  i s  a  d i f f e r e n c e  b e tw e en  
t h e  two m ovem en ts .  The c o n c l u s i o n  b e i n g  t h a t  t h e  s u b j e c t s  
r e d u c e d  t h e i r  t i m e s  by  g r e a t e r  am o u n ts  f o r  Movement I I  
t h a n  f o r  Movement I ,
I I I .  DISCUSSION OF THE RESULTS
S t u d i e s  c i t e d  i n  C h a p t e r  I I  h av e  b ee n  c o n t r a d i c t o r y  
i n  r e s p e c t  t o  t h e  p o s s i b i l i t y  o f  d e c r e a s i n g  movement t im e  
t h r o u g h  v a r i o u s  m e t h o d s .  A c c o r d i n g  t o  S l a t e r - H a m m e l  (2 5 )  
and  D a y ic e  a n d  D en n in g  ( 5 ) « movement t i m e  i s  d e f i n i t e l y  
a f f e c t e d  b y  i n i t i a l  bod y  p o s i t i o n .  Mendryk ( 1 5 )  and
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L e t t e r  ( 1 2 ) ,  h a v e  i n d i c a t e d  t h a t  r e a c t i o n  t im e  and  movement 
t i m e  a r e  s p e c i f i c  t o  t h e  t a s k .  However ,  P i e r s o n  an d  R asch  
( 2 0 ) ,  K e r r  ( 1 1 ) ,  a n d  C l a r k  ( 2 )  h a v e  s t a t e d  t h a t  movement 
t im e  c a n  s o m e t im e s  be  c o n d i t i o n e d  b y  a  g e n e r a l  f a c t o r .
A ls o  r e s e a r c h  t o  d a t e  i n d i c a t e s  a  p o s s i b l e  th o u g h  n o t  
l i n e a r  r e l a t i o n s h i p  b e tw e e n  s t r e n g t h  a n d  s p e e d .  However,  
w h i l e  W h i t l e y  a n d  S m i th  (2 9 )»  b e l i e v e  t h a t  movements  can  
be  " s p e e d e d  up" b y  i n c r e a s i n g  s t r e n g t h  i n  m u s c l e s  s p e c i f i c  
t o  t h e  m ovem en t ,  R a r i c k  ( 2 3 ) ,  c o n c l u d e s  t h a t  i n d i v i d u a l s  
w i t h  a  h i g h  d e g r e e  o f  m o t o r  a b i l i t y  and  a v e r a g e  s t r e n g t h  
c a n n o t  i n c r e a s e  t h e i r  s p e e d  o f  m u s c u l a r  p e r f o r m a n c e  t o  an y  
a p p r e c i a b l e  e x t e n t .
The r e s u l t s  o b t a i n e d  i n  t h i s  e i g h t  week p o s t u r a l  
p r e p a r a t i o n  s t u d y  a d d s  t o  t h e  c o n t r a d i c t o r y  n a t u r e  o f  t h i s  
a r e a .  The s u b j e c t s  i n  t h e  two g r o u p s ,  w h ic h  i n c l u d e  a n  
e x p e r i m e n t a l  an d  a  c o n t r o l  g r o u p  i n  e a c h ,  e v i d e n c e d  t h e  
f o l l o w i n g  c h a n g e s  f rom  p r e -  t o  p o s t - t e s t i n g  a s  d e t e r m i n e d  
by  t h e  " t "  t e s t :
1 .  F o r  Movement I ,  ( T a b l e  I I I )  b o t h  e x p e r i m e n t a l  
g r o u p s  showed a  s i g n i f i c a n t  d e c r e a s e  i n  t o t a l  
bo d y  movement t i m e  a s  d e t e r m i n e d  by  t h i s  i n ­
v e s t i g a t i o n ,  B o th  w e re  s i g n i f i c a n t  a t  t h e  ,0 5  
l e v e l  o f  c o n f i d e n c e ,
2 .  F o r  Movement I I ,  ( T a b l e  IV) b o t h  e x p e r i m e n t a l  
g r o u p s  showed a  s i g n i f i c a n t  d e c r e a s e  i n  t o t a l  
b o d y  movement t i m e  a s  d e t e r m i n e d  by  t h i s
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I n v e s t i g a t i o n .  Both  w ere  s i g n i f i c a n t  a t  t h e  
. 0 5  l e v e l  o f  c o n f i d e n c e .
The a n a l y s i s  o f  v a r i a n c e  t e c h n i q u e  u s e d  d e t e r m i n e d  
t h e  f o l l o w i n g  r e s u l t s *
1 ,  F o r  Movement I ,  t h e  s i g n i f i c a n t  F v a l u e  f o r  A 
a d j u s t e d  f o r  B, ( T a b l e  V) i n d i c a t e s  t h a t  t h e  
e x p e r i m e n t a l  p r o c e s s  r e d u c e d  t i m e s  s i g n i f i c a n t l y  
more t h a n  t h e  c o n t r o l  p r o c e s s ,
2 ,  F o r  Movement I I ,  t h e  s i g n i f i c a n t  F v a l u e  f o r  A 
a d j u s t e d  f o r  B, ( T a b l e  VI) i n d i c a t e s  t h a t  t h e  
e x p e r i m e n t a l  p r o c e s s  r e d u c e s  t i m e s  s i g n i f i c a n t l y  
more t h a n  t h e  c o n t r o l  p r o c e s s ,
3 , F o r  Movements I  and  I I ,  t h e  s i g n i f i c a n t  F v a l u e  
f o r  3 a d j u s t e d  f o r  A, ( T a b l e  V I I )  i n d i c a t e s  t h a t  
t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  
two m ovem en ts .  The c o n c l u s i o n  b e i n g  t h a t  t h e  
s u b j e c t s  r e d u c e d  t h e i r  t i m e s  s i g n i f i c a n t l y  more 
f o r  Movement I I  t h a n  f o r  Movement I ,
I t  was a l s o  o b s e r v e d  t h a t  a t h l e t e s  d i d  have  q u i c k e r  
p r e - t e s t  t i m e s  t h a n  n o n - a t h l e t e s ,  h o w e v e r ,  t h e  e x p e r i m e n t a l  
n o n - a t h l e t e s  r e d u c e d  t h e i r  t i m e s  i n  g r e a t e r  am o u n ts  from 
p r e - t e s t  t o  p o s t - t e s t  t h a n  d i d  t h e  e x p e r i m e n t a l  a t h l e t e s .  
T h i s  o b s e r v a t i o n  w ould  seem t o  a g r e e  w i t h  an  e a r l i e r  s t u d y  
c i t e d  b y  T w e i t ,  G o l l n i c k  an d  H e a m  ( 2 8 ) .  I n  1 9 ^ 3 ,  on 
t h e  b a s i s  o f  a n  i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  e f f e c t  
o f  t r a i n i n g  on t o t a l  body  r e a c t i o n  t i m e ,  t h e y  s u g g e s t e d
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t h a t  d i f f e r e n c e  i n  q u i c k n e s s  b e tw e e n  a t h l e t e s  and n o n ­
a t h l e t e s  may be  due t o  t h e  t r a i n i n g  p r o g ra m s  t o  w h ich  
a t h l e t e s  a r e  s u b j e c t e d  a n d  n o t  a n  i n n a t e  q u a l i t y .
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I .  SUMMARY
T h i s  s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t s  
o f  a  " p o s t u r a l  p r e p a r a t i o n "  p ro g ra m  on t o t a l  body  movement 
t i m e  a s  m e a s u r e d  o v e r  a  t e n  f o o t  d i s t a n c e .  Ten s t u d e n t s ,  
e n r o l l e d  i n  a  p h y s i c a l  e d u c a t i o n  c l a s s  an d  s e v e n  s t u d e n t s  
p a r t i c i p a t i n g  i n  t h e  f r e s h m a n  b a s k e t b a l l  p ro g ra m  a t  t h e  
U n i v e r s i t y  o f  M ontana  s e r v e d  a s  s u b j e c t s .
The s u b j e c t s  w ere  d i v i d e d  i n t o  two g ro u p  a r e a s  c o n ­
s i s t i n g  o f  a t h l e t e s  i n  one and  n o n - a t h l e t e s  i n  t h e  o t h e r .  
E ac h  s u b j e c t  was t h e n  r a n d o m ly  p l a c e d  i n  e i t h e r  t h e  c o n ­
t r o l  o r  e x p e r i m e n t a l  g r o u p  i n  t h e i r  r e s p e c t i v e  g r o u p .
The c o n t r o l  g r o u p s  p a r t i c i p a t e d  i n  r e g u l a r  p h y s i c a l  e d u c a ­
t i o n  a n d  f r e s h m a n  b a s k e t b a l l  a c t i v i t i e s  -  t h r e e  and  f i v e  
d a y s  p e r  week f o r  t h e  e i g h t  weeks  d u r i n g  t h e  s t u d y .  The 
e x p e r i m e n t a l  g r o u p s  w e r e ,  i n  a d d i t i o n  t o  t h e s e  a c t i v i t i e s ,  
i n v o l v e d  d i r e c t l y  t h r e e  d a y s  a  week f o r  e i g h t  w eeks  i n  t h e  
" p o s t u r a l  p r e p a r a t i o n "  t r a i n i n g  p r o g r a m .
E ach  s u b j e c t  was p r e - t e s t e d  i n  t h e  two e x p e r i m e n t a l  
m o v em en ts .  F o l l o w i n g  t h e  e i g h t  week t r a i n i n g  p e r i o d ,  a l l  
s u b j e c t s  w e re  r e t e s t e d  u s i n g  t h e  same t e s t  m ovem en ts .  The 
d a t a  was a n a l y z e d  b y  a n a l y s i s  o f  v a r i a n c e  t e c h n i q u e s .  The 
a n a l y s i s  o f  v a r i a n c e  t e s t  i n d i c a t e d  t h a t  t h e  e x p e r i m e n t a l  
p r o c e s s  r e d u c e d  t i m e s  s i g n i f i c a n t l y  more t h a n  t h e  c o n t r o l
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p r o c e s s  i n  b o t h  Movements I  and I I .  I t  a l s o  i n d i c a t e d  a 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  two m ovem ents ,  c o n c l u d i n g  
t h a t  t h e  s u b j e c t s  r e d u c e d  t h e i r  t i m e s  s i g n i f i c a n t l y  more 
f o r  Movement I I  t h a n  f o r  Movement I .  A " t "  t e s t  was a l s o  
u s e d  t o  d e t e r m i n e  i f  a n y  c h a n g e s  w i t h i n  t h e  g r o u p s  w ere  
s i g n i f i c a n t  a t  t h e  0 , 0 5  l e v e l .  F o r  Movements I  and I I ,  
b o t h  e x p e r i m e n t a l  g r o u p s  showed a  s i g n i f i c a n t  d e c r e a s e  
i n  t o t a l  b o d y  movement t i m e  a s  d e t e r m i n e d  b y  t h i s  i n v e s t i ­
g a t i o n ,
I I .  CONCLUSIONS
On t h e  b a s i s  o f  t h e  r e s u l t s  found  i n  t h i s  s t u d y ,  
t h e  f o l l o w i n g  c o n c l u s i o n s  h av e  b e e n  made:
1 ,  F o r  t h e  s u b j e c t s  i n v o l v e d  in  t h i s  s t u d y ,  t h o s e  
i n  t h e  " p o s t u r a l  p r e p a r a t i o n "  t r a i n i n g  p ro g ram  
d id  show s i g n i f i c a n t l y  g r e a t e r  d e c r e a s e s  i n  
t o t a l  bo d y  movement t im e  t h a n  d id  t h o s e  i n  t h e  
r e g u l a r  p h y s i c a l  e d u c a t i o n  c l a s s  o r  t h e  f r e s h ­
man b a s k e t b a l l  team  o v e r  a n  e i g h t  week p e r i o d .  
T h i s  was t r u e  f o r  b o t h  a t h l e t e s  and n o n - a t h l e t e s ,
2 ,  D e c r e a s e s  w e re  s i g n i f i c a n t  f o r  b o t h  Movements 
I  and  I I  w i t h  Movement I I  b e i n g  r e d u c e d  s i g ­
n i f i c a n t l y  more t h a n  Movement I ,
3 ,  I t  was o b s e r v e d  t h a t  a t h l e t e s  d id  h av e  q u i c k e r  
p r e - t e s t  t i m e s  t h a n  t h e  n o n - a t h l e t e s ,  h o w e v e r ,  
t h e  n o n - a t h l e t e s  i n  m o s t  c a s e s  r e d u c e d  t h e i r
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t i m e s  t o  a  g r e a t e r  d e g r e e  from p r e - t e s t  t o  p o s t ­
t e s t  t h a n  d id  t h e  a t h l e t e s ,
I I I .  RECOMMENDATIONS
I n  v ie w  o f  t h i s  s t u d y ,  t h e  f o l l o w i n g  r e c o m m e n d a t io n s  
h a v e  "been made t
1 .  The r e s e a r c h e r  f e e l s  t h a t  i t  would be  a d v a n t a g ­
e o u s  t o  i n c r e a s e  t h e  num ber  o f  t r i a l s  f o r  e a c h  
m ovem ent .  T h i s  w ould  p r o d u c e  more a c c u r a t e  
r e s u l t s  when c o m p a r in g  and  a n a l y z i n g  d a t a ,
2 .  I t  w o u ld  be d e s i r a b l e  t o  h ave  more d i r e c t  c o n ­
t r o l  o f  t h e  o u t s i d e  a c t i v i t i e s  o f  t h e  s u b j e c t s ,  
i n  o r d e r  t o  o b t a i n  more a c c u r a t e  r e s u l t s ,
3 .  A s t u d y  o f  t h i s  n a t u r e  c o u l d  be t r e m e n d o u s l y  
im p ro v e d  upon i f  m o t i v a t i o n a l  d e v i c e s  w ere  i n i ­
t i a t e d  t o  c o n t r o l  t h e  s u b j e c t s *  t r a i n i n g  and 
t e s t i n g  p e r f o r m a n c e s .
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APPENDIX A
EXPLANATION OP TESTING-TRAINING PROCEDURES
1# The a r e a  i n  w h ic h  I  w i l l  be  t e s t i n g  i s  t o t a l  body  move­
m e n t t i m e .  T o t a l  bo d y  movement t im e  i s  t h e  t im e  b e tw e e n  
com mencement a n d  t e r m i n a t i o n  o f  a  s p e c i f i e d  m u s c u la r  
m ovem ent.
2 .  E x p e r i m e n t a l  g ro u p  o n l y  -  The t r a i n i n g  p ro g ra m  t h a t  you 
w i l l  b e  i n v o l v e d  i n  f o r  a  p e r i o d  o f  e i ^ t  w eeks i s  d e ­
s i g n e d  s p e c i f i c a l l y  t o  e n h a n c e  t h e  e f f e c t s  o f  p o s t u r a l  
p r e p a r a t i o n  on  t o t a l  bo d y  movement t i m e .  T hrough  t h i s  
t r a i n i n g  p ro g ra m  I  b e l i e v e  t h a t  a  s i g n i f i c a n t  d e c r e a s e  
i n  t o t a l  b o d y  m ovem ent t im e  w i l l  be  fo u n d  t o  o c c u r .
3 . The a p p a r a t u s  t h a t  w i l l  be  u s e d  t o  m e a s u re  t o t a l  body 
m ovem ent t im e  i s  t h e  Dekan t i m e r .  T h i s  a p p a r a t u s  i s  
a c c u r a t e  i n  d e t e r m i n i n g  t im e  t o  t h e  n e a r e s t  0 ,0 1  o f  a 
s e c o n d ,
4 .  The s t i m u l u s  w i t h  w h ic h  y o u  w i l l  b e  c o n c e r n e d  i s  t h e  
d ro p  o f  a  h a n d .  When t h e  h an d  d r o p s  you  w i l l  b e g i n  y o u r  
m ovem ent f ro m  a  r u b b e r  m at w h ic h  w i l l  a u t o m a t i c a l l y  
s t a r t  t h e  t i m e r ,
5 . The t i m e r  i s  s to p p e d  by  s t e p p i n g  on a  s e c o n d  r u b b e r  
m a t .  You m u s t  s t e p  on  t h e  m a t i t s e l f ,  n o t  t h e  b o r d e r  
o f  t h e  m a t ,  t o  s t o p  t h e  t i m e r .
6 . The tw o d i f f e r e n t  m ovem ents t o  b e  m e a s u re d  w i l l  i n c l u d e  
m ovem ents  i n  a  b ac k w ard  d i r e c t i o n  a n d  l a t e r a l l y  t o  t h e
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s i d e  o f  y o u r  p r e f e r r e d  h a n d .  T h ese  two m ovements  w i l l  
be  c a r r i e d  o u t  i n d e p e n d e n t l y  o f  e a c h  o t h e r .
7 ,  Movements I  a n d  I I  w i l l  be c a r r i e d  o u t  i n  t h e  f o l l o w i n g  
m anner*  The s u b j e c t  w i l l  a s sum e  a  r e a d y  p o s i t i o n  w i t h  
k n e e s  s l i g h t l y  f l e x e d ,  s e a t  down, h e a d  up ,  b ac k  s t r a i g h t ,  
f e e t  s p r e a d  t o  s h o u l d e r  w i d t h  and  body  w e i g h t  e v e n l y  
d i s t r i b u t e d  o v e r  t h e  b o t t o m s  o f  t h e  f e e t .  The s u b j e c t  
w i l l  be m o v ing  i n  a  b ac k w ard  d i r e c t i o n  f o r  Movement I  
and  i n  a  l a t e r a l  d i r e c t i o n  f o r  Movement I I ,  He w i l l  be 
n o t i f i e d  v e r b a l l y  i n  a d v a n c e  so t h a t  he i s  c o m p l e t e l y  
a w a re  o f  t h e  d i r e c t i o n  he  i s  t o  move. On t h e  d r o p  o f  
t h e  h a n d  t h e  s u b j e c t  w i l l  move e i t h e r  bac k w ard  o r  l a t ­
e r a l l y  to w a r d  t h e  m a t .  F o r  t h e  l a t e r a l  movement s u b ­
j e c t s  w i l l  u s e  a  s l i d e  s t e p  w i t h o u t  a  c r o s s o v e r ,
8 ,  E ac h  s u b j e c t  w i l l  be a l l o w e d  f i v e  p r a c t i c e  t r i a l s  f o r  
e a c h  movement p r i o r  t o  a c t u a l  t e s t  t r i a l s ,
9 ,  E ach  s u b j e c t  w i l l  be  a l l o w e d  f i v e  t r i a l s  f o r  e a c h  move­
m e n t  w i t h  t h e  w o r s t  t i m e  b e i n g  e l i m i n a t e d ,
1 0 ,  P l e a s e  r e m a in  s e a t e d  o u t s i d e  t h e  room u n t i l  y o u r  t im e  
t o  be  t e s t e d ,
1 1 ,  E x p e r i m e n t a l  g r o u p  o n l y  -  A f t e r  you  h av e  b e e n  t e s t e d ,  
p l e a s e  do n o t  d i s c u s s  t h e  e x p e r i m e n t  w i t h  t h o s e  who w i l l  
n o t  be i n v o l v e d  i n  t h e  t r a i n i n g  p r o g r a m .
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12* B e c a u s e  you  w i l l  be t e s t e d  a g a i n  a t  t h e  end o f  e i g h t  
w e e k s ,  i t  i s  e s s e n t i a l  t h a t  you do n o t  p r a c t i c e  t h e  
m ovem ents  t h a t  you w i l l  p e r f o r m  t o d a y .  P r a c t i c e  c o u l d  
a f f e c t  t h e  a c c u r a c y  o f  t h e  r e s u l t s .  So p l e a s e ,  do n o t  
p r a c t i c e  t h e  m ovem ents ,
1 3 , Q u e s t i o n s ?
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APPENDIX B
SAMPLE DATA COLLECTION SHEET
NAME
HEIGHT^
AGE
WEIGHT-PRE
PREFERRED HAND_ 
WEIGHT-POST
EXPERIENCE
PRE-TEST DATA
MOVEMENT I
Trial 1 __
Trial 2 __
Trial 3 __
Trial 4 __
Trial 5 __
Mean Time
movement I I
Trial 1   _
Trial 2 __ _
Trial 3  ___
Trial ^  __
Trial 5 ___
POST-TEST DATA
T r i a l  1 
T r i a l  2 
T r i a l  3 
T r i a l  4 
T r i a l  5
Mean Time
T r i a l  1 
T r ia l  2 
T r i a l  3 
T r i a l  4 
T r i a l  5
Mean Time Mean Time
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S u b j e c t s H e i g h t  i n  
I n c h e s
W eig h t  i n  
P ounds
Age i n  
Y ea rs
Group A ( N o n - A t h l e t e s )
C o n t r o l
EM 7 0 .0 1 4 5 . 0 1 8 . 0
HK 7 2 . 0 1 7 0 .0 1 8 . 0
RH 7 1 . 0 1 4 5 . 0 1 9 . 0
LS 7 0 . 0 1 6 5 . 0 1 9 . 0
DD 7 3 . 2 1 7 5 . 0 1 9 . 0
Means 7 1 . 2 1 6 0 .0 1 8 . 7
E x p e r i m e n t a l
OS 7 2 . 0 1 8 5 . 0 1 9 .0
BR 7 ^ . 0 1 4 5 . 0 1 8 .0
SH 7 0 .0 1 7 5 .0 1 8 .0
ER 7 2 .0 1 5 5 .0 1 9 .0
MS 7 1 . 0 1 8 5 .0 1 9 . 0
Means 7 1 . a 1 6 9 .0 1 6 . 7
Combined Means 7 1 . 5 1 6 4 . 5 1 8 .7
Group B ( A t h l e t e s )  
C o n t r o l
BR 7 5 . 0 1 8 0 . 0 1 8 . 0
JD 7 4 . 0 1 7 5 . 0 1 9 . 0
JN 6 8 .0 1 5 0 . 0
VIeans 7 2 , 3 1 66 .3 1 8 , 6
E x p e r i m e n t a l
LC 7 7 . 0 1 7 5 . 0 1 8 . 0
RS 7 0 . 0 1 5 0 . 0 1 9 . 0
DH 7 5 . 0 1 9 0 , 0 1 8 . 0
CW 7 5 . 0 . 1 7 5 . 0 1 9 . 0
VIeans 7 4 . 3 1 7 2 . 5 1 8 . 5
Combined Means 7 3 . 3 1 7 0 . 4 1 8 . 6
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APPENDIX D 
PRE- POST-TEST RESULTS OF MOVEMENT I
Group A ( N o n - A t h l e t e s )
C o n t r o l  Grouo E x p e r i m e n t a l Group
S u b j e c t s P r e - T e s t ^ P o s t - T e s t * D i f f ­
e r e n c e
S u b j e c t s P r e - T e s t * P o s t - T e s t * D i f f e r e n c e *
EM 1 , 0 1 1 . 0 2 - . 0 1 DS 1 . 0 0 .9 3 . 0 7
HK . 9 6 . 9 5 .0 1 BR .9 9 .9 0 . 0 9
RH . 9 3 . 9 2 .01 SH 1 , 0 1 .9 0 .1 1
LS 1 . 0 4 1 . 0 1 .0 3 ER 1 . 0 3 .9 9 . 0 4
DD . 8 6 . 8 5  . .0 1 MS 1 . 0 6 1 .0 1 . 0 5
Means . 9 6 - ' . 9 5 1 . 0 2
T o t a l  D i f f e r e n c e
B e tw een  Means 0 . 0 5 0 .3 6
Group B ( A t h l e t e s )
BR . 8 4 ,8 4 .0 0 LC .9 7 .8 4 . 1 3
JD .9 1 .8 9 .0 2 RS .9 0 . 8 2 .0 8
JN . 8 6 .8 6 .0 0 DH . 8 5 .7 9 . 0 6
CW . 8 2 —  . 0 5  .
Means ...: 5 ? ......... .8 6 . 8 8 .6 0
T o t a l  D i f f e r e n c e
B e tw een  Means 0 . 0 2 0 .
CD
8■D
( O '
3 .3"
CD
CD■D
O
Q .
C
aO3
"O
o
CD
Q .
■D
CD
(/)
o '
3
♦ V a lu e s  e x p r e s s e d  i n  s e c o n d s  and  d e c im a l  f r a c t i o n s  t h e r e o f .
00
CD"O
O
Q .
C
g
Q .
■D
CD
C /)
CO
APPENDIX E 
PRE- POST-TEST RESULTS OP MOVEMENT IX
Group A ( N o n - A t h l e t e s )
C o n t r o l  Grout) S x p e r i m e n t a l Grout)
S u b j e c t s P r e - T e s t * P o s t - T e s t * D i f f ­ S u b j e c t s P r e - T e s t * P o s t - T e s t * D i f f e r e n c e *
e r e n c e *
EM 1 . 1 0 1 . 0 9 .0 1 D8 1 . 0 9 1 . 0 4 . 0 5
HK 1 . 1 2 1 . 1 1 .0 1 BR 1 . 1 1 1 . 0 2 . 0 9
RH 1 . 0 2 1 . 0 6 - . 0 4 SH 1 . 1 7 .9 7 . 2 0
LS 1 . 1 3 1 . 1 5 —. 02 ER 1 . 1 8 1 . 0 2 .1 6
DD 1 . 0 9 1 . 0 5 . 0 4 MS 1 . 1 5  , 1 . 0 6 . 0 9  _
VIeans 1 . 0 9 1 . 0 9  ^ 1 . 1 4 “  T . 0 2  .........
T o t a l  D i f f e r e n c e
Betw een  Means 0 . 0 0 0 .5 9
Group B ( A t h l e t e s )
BR 1 . 0 1 .9 9 . 0 2 LC 1 . 0 3 1 . 0 0 .0 3
JD 1 . 0 3 1 . 0 0 .0 3 RS . 9 5 .9 0 . 0 5
JN . 9 5 . 9 5 .0 0 DH 1 . 0 2 .9 8 .0 4
CW .8 8 .. .....j J O j  . . ...
Means 1 . 0 0 , 9 5 : _ . 9 #  . .9 4
T o t a l  D i f f e r e n c e
B etw een  Means 0 . 0 5 _______________0,1 ....................
CD
8"O
( O '
3 .3"
CD
CD■D
O
Q .C
aO3
"O
o
CD
Q .
"O
CD
(/)(/)
* V a l u e 3 e x p r e s s e d  i n  s e c o n d s  an d  d e c i m a l  f r a c t i o n s  t h e r e o f .
CD■D
O
Q.
C
g
Q.
■D
CD
C/)W
o '3
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APPENDIX F
MOVEMENT I  (RELIABILITY) 
P e a r s o n  r  From Raw S c o r e s
8■D
3 .
3"
CD
CD■D
O
Q .C
aO
3
■D
O
CD
Q .
■D
CD
C/)
C/)
XY
S u b j e c t s
1
2
I
5
e t c .
EX 
. EX^
1 6 .1 1  EY^ 
1 5 . 3 8  Ey2 1 5 . 4 2 1 5 . 3 8
r= EXY-[(EX)(EY)/^J 
/ (E X ^ - [ ( E X ) ^ /% f  (EY^. C(EY)2/NJf
r -  1 5 . 3 6 - [ ( 1 6 . 1 1 ) ( 1 6 .1 5 ) / 1 7 ]  
^ ( 1 5 .3 8 -  [ ( 2 5 9 .5 3 ) / 1 7 J f  ^15.42- [ ( 2 6 0 . ë 2 / 1 7 j /
r = l S . 3 8 - 1 5 . 3 0
v / ( 1 5 . 3 8 - 1 5 . 2 7 ) ( 1 5 . ^ 2 - 1 5 . 3 ^ }
r= .08 r= .08
t r m r r w vCTJ55B'
r =  . 0 8  r =  .6 9
.0 0 0 9
MOVEMENT I I  (RELIABILITY) 
P e a r s o n  r  From Raw S c o r e s
X Y XY
S u b j e c t s
1
2
I
5
e t c .
EX.
EX2
1 8 . 1 7
19 .^ 2
EY
Ey2 EXY1 9 . 5 6
1 9 . 5 3
r= EXY-[(EX)(EY)/N]
yjE X *- [ (ë !{ )* /n 3 | | é ÿ 2 -  t(ËŸ )2/N Jj 
r= 1 9 . 5 3 - [ ( 1 8 . 1 7 ) (1 8 .1 8 ) /1 7 3  
Æ 9 . 52- 1( 330. 1 5 )/l7J? i l 9 .5 6 -  C( 3 30. 51/17J(’ 
r= i,9,53-i9.'«-3  
✓ (19 . 52- 1 9 . 9 2 ) ( 19 . 56- 1 9 . ‘W)
r -  .1 0 __________ r=  . 1 0  r =  ,1 0  r =  .9 1
yrrrôTTTTëT" y .d ï^ ù  .o o n
ONo
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APPENDIX G 
PAIRED SAMPLE ” t ” CALCULATIONS 
MOVEMENT I
t #  d - o
s d /  n
(A) .0 1
TÔÎÏÏ2 = 1 . 5 7  T a b l e  t  . 0 2 5  ( W f )  = 2 .5 7 1
(B) t *  . 0 7 2
.0 2 8 2  = 5 .7 1 4 *  T a b l e  t  . 0 2 5  ( 4 d f )  = 2 .5 7 1
2 .2 3 6
(C) t =  .0 0 6 6
.0 8 0 6  = .0 1 4 1 9  T a b l e  t  .0 2 5  ( 2 d f )  -  4 . 3 0 3
1 . 7 3 2
(D) t =  . 0 6
.0 3 5 6  = 4 . 49 * T a b l e  t  . 0 2 5  ( 3 d f )  = 3 .1 8 2
2
♦ S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l .
MOVEMENT I I
(A) t «  0______  « 0
s d /  n
(B) t =  .1 1 8
.6 6 1 6  = 4 2 . 7 5 *  T a b l e  t  . 0 2 5  ( 4 d f )  = 2 .5 7 1
27236
(C) t =  .0 1 6 6
. 0 1 56 = 1 . 8 1 9  T a b l e  t  . 0 2 5  ( 3 d f )  = 3 .1 8 2
1 . 7 3 2
(D) t =  .0 4 2 5
.0 1  = 8 . 507* T a b l e  t  . 0 2 5  ( 3 d f )  = 3 .1 8 2
2
♦ S i g n i f i c a n t  a t  t h e  . 0 5  l e v e l
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APPENDIX H
CALCUI.ATIONS FOR ANALYSIS OF VARIANCE -  MOVEl '̂ENT I 
(PRE- POST-TEST MEAN DIFFERENCES)
C o n t r o l E x p e r i m e n t a l T o t a l
n E X ii X i i n E X ii X i i X i i
N o n - A t h l e t e s 5 .0 5 . 0 1 0 5 T iS  - .0 7 2 10 ,^1
A t h l e t e s ? . 0 2 .0067 4 .3 2 .0 8 0 7 .3 4
T o t a l 8 .0 7 .0 1 6 7 9 .6 8 . 1 5 2 17 .7 5
B
PRELIMINARY ANALYSIS OF VARIANCE
ANC VA
S o u rc e d f 88 ms F
T r e a t m e n t 3 .0 1 9 3 .0 0 6 4 8 . 102*
A u n a d j u s t e d 1 . 0 1 8 8 .0 1 8 8
B u n a d j u s t e d 1 .0 0 0 3 .0 0 0 3
E r r o r 13 .0 0 7 9 .00 0 6 1
T o t a l 16 .0 2 7 2
C o n t r o l E x p e r i m e n t a l
n i l Y i i n i 2 7 1 2 wi d i w iï ï i w i ï ï i 2
N o n - A t h l e t e s 9 .0 1 0 5 . 0 7 2 2 .5 0 0 1 . 0 6 2 .1 5 5 .0 0 9 5
A t h l e t e s 3 .0 0 6 7 4 .0 8 0 1 . 7 1 4 . 0 7 3 .1 2 4 .0 0 9 2
T o t a l 4 . 2 1 4 . 2 7 9 .0 1 8 7
B
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APPENDIX H ( C o n t in u e d )
w i = n i l  n l 2  
n l i + n l 2
C a l c u l a t i o n s !
a s  (AB, a d j u s t e d  f o r  A & B) = E w id i^ - C E w id i ) ^
Ewi
= .0 1 8 5  -  .0 7 9 0
= .0 1 6 7  -  .0 1 8 6  
ssAB = .0 0 0 1
s s ( A  a d j u s t e d  f o r  B) = ( E n i d i ) ^
Ewî~
ssA «  .0 1 8 6
C o r r e c t i o n  f o r  d i s p r o p o r t i o n  = ssA u n a d j u s t e d - s s A  a d j u s t e d
= . 0 1 8 8 - . 0 1 8 6  
=  .0 0 0 2
s s  (B a d j u s t e d  f o r  A) = ssB  (B u n a d j u s t e d - c o r r e c t i o n  f o r
d i s p r o p o r t i o n )
= , 0 0 0 3 - , 0 0 0 2  
«  ,0001
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iALCULATIONS FOR ANALYSIS OP VARIANCE -  MOVEMENT I I  
(PRE- POST-TEST MEAN DIFFERENCES)
C o n t r o l E x p e r i m e n t a l T o t a l
n E X i i % i i n E X ii X i i X i i
Non A t h l e t e s 5 Ô 0 5 .5 9 ■ . l ï B Ô ' l o .5 9
A t h l e t e s ? . 0 5 .0 1 6 6 4 .1 7 .0 4 2 5 7 .2 2
T o t a l 8 . 0 5 .0 1 6 6 9 .7 6 .1 6 0 5 17 .81
B
PRELIMINARY ANALYSIS OF VARIANCE
S o u rc e d f 86 ms P
T r e a t m e n t 3 .0 3 9 2 .0 131 9 .3 5 7 *
A u n a d j u s t e d 1 .0 2 6 0 .0 2 6 0
B u n a d j u s t e d 1 .0 0 3 2 .0 0 3 2
E r r o r 13 .0 1 8 6 .0 0 1 4
T o t a l 16 .0 5 7 8
t s s  ss . 0 9 6 3 .0 3 8 5  = .0 5 7 8
t r s s  = . 0 7 7 2  - . 0 3 8 5  = .0 3 9 2
ssA = .0 6 4 5 . 0 3 8 5  = .0 2 6 0
s sB  = .0 4 1 7 .0 3 8 5  = .0 0 3 2
C o n t r o l E x p e r i m e n t a l
n i i X i i n i 2 X i2 wi d i w i ï ï i w i ï ï i2
N o n - A t h l e t e s
A t h l e t e s
5
3
0
.0 1 6 6
. 1 1 8 0 ^
. 0 4 2 5
2 . 5OOI
1 . 7 1 4
,1 1 8 0
.0 2 5 9
.2 9 5 0
,0 4 4 4
.0347
.0011
T o t a l 4 . 2 1 4 .3 3 9 4 .0355
B
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APPENDIX H ( C o n t in u e d )
C a l c u l a t i o n s !
88 (AB a d j u s t e d  f o r  A & B) = E w id i^ - ( E w id i ) ^
Ewi
= .0 3 5 8  -  .0 2 7 3
ssAB = .0 0 5 5
s s  (A a d j u s t e d  f o r  B) = ( E w id i ) ^
Ewi
* .0 2 7 3
C o r r e c t i o n  f o r  d i s p r o p o r t i o n  = ssA u n a d j u s t e d - s s A  a d j u s t e d
= ,0 2 6 0  -  .0 2 7 3  
= - . 0 0 1 3
s s  (B a d j u s t e d  f o r  A) = s s  (B u n a d j u s t e d - c o r r e c t i o n
f o r  d i s p r o p o r t i o n )
= . 0 0 3 2  -  ( - . 0 0 1 3 )
= .0 0 4 5
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APPENDIX I
MOVEMENT I  v s  MOVEMENT I I
CALCULATIONS FOR ANALYSIS OF VARIANCE 
(PRE- POST-TEST MEAN DIFFERENCES)
A
C o n t r o l E x p e r i m e n t a l T o t a l
n E X i i X i i n E X ii X i i n X i i i
Viovement I 8 .0 7 .OOB? 9 ' . 6 8 . 0 7 5 ÿ 17 .7 5
Movement I I 8 .05_ 9 .7 6 ,0 8 4 4 17 .8 1
T o t a l 16 . 1 2 .0 1 5 0 18 1 . 4 4 .1 5 9 9 34
_____
1 . 5 6
B
PRELIMINARY ANALYSIS OF VARIANCE
S o u r c e d f s s ms F
T r e a t m e n t  
A u n a d j u s t e d  
B u n a d j u s t e d  
E r r o r
3
1
1
50
.0 4 5 0
,0 3 4 6
, 0 0 0 2
. 0 4 0 7
.0 150
.0 346
.0 0 0 2
,0 0 1 3
1 1 .5 3 6 4
T o t a l 33 .0 8 5 7 .0 0 1 3
s s t  = 
s s t r  =
.1 5 7 2
.1165
. 0 7 1 5
.0 7 1 5
.0 8 5 7
.01^50
C o n t r o l Ex p e r i m e n t a l
n i l X i i n i i X12 wi d i w i d i w i ï ï i 2
Vîovement I  
v’o v em en t  I I
a
8
.0 0 8 7
.0 0 6 3
9
9
' 8 :8 5 7
_8^857
. Ô6 6 8  
. 0 7 8 1
. 591^
.6 9 1 7
.0 3 9 5  
_ .0 5 3 9
T o t a l 1 6 . 0 1 5 0 18 . 1 5 9 9 1 7 .7 1 4 1 .2 8 3 3 .0 9 3 4
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C a l c u l a t i o n s !
s s  (AB a d j u s t e d  f o r  A & B) «  E w i d i ^ - ( E w i d i ) ^
Ewi
= .0 9 3 4  -  .0 9 2 9  
= ,0 0 0 5
s s  (A a d j u s t e d  f o r  B) = ( E w i d i ) ^
Ewi
a  . 0 9 2 9
C o r r e c t i o n  f o r  d i s p r o p o r t i o n  = ssA u n a d j u s t e d - s s A  a d j u s t e d
= .0 3 4 6  -  .0 9 2 9  
= - . 0 5 8 3
s s  (B a d j u s t e d  f o r  A) = s s  (B u n a d j u s t e d - c o r r e c t i o n
f o r  d i s p r o p o r t i o n )
= .0 0 0 2  -  (-,0 5 8 3 )
-  .0 5 8 5
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APPENDIX J  
CALIBRATION -  DEKAN TIMER
T h e r e  a r e  two p l a c e s  i n  w h ich  e r r o r  c o u l d  o c c u r  i n  
e x p e r i m e n t s  w i t h  t h e  Dekan T im e r ,  F i r s t ,  i n  t h e  c l o c k  i t ­
s e l f  a n d  s e c o n d ,  t h e  t r i g g e r  m echanism  o r  c o n n e c t i o n s  
b e t w e e n  t h e  t a r g e t s  a n d  t h e  c l o c k .
To t e s t  t h e  c o r r e c t n e s s  o f  t h e s e  two v a r i a b l e s  t h e  
same m e th o d  was u s e d  a l t e r i n g  o n l y  t h e  way i n  w h ich  t h e  
c l o c k  was a c t u a l l y  s t a r t e d .  The f i r s t  c h e c k  was d i r e c t l y  
on  t h e  c l o c k  a s  s t a r t e d  on t h e  m a c h in e  an d  t h e  s e co n d  
c h e c k  was made v i a  t h e  t a r g e t  w h ic h  w ou ld  d e t e c t  a n y  co n ­
n e c t i o n  e r r o r  o r  d e l a y  t h a t  m i g h t  be o c c u r i n g .
The t e s t  u s e d  was c r u d e  b u t  e f f e c t i v e ,  A s t o p  
w a t c h  was u s e d  t o  c h e c k  t h e  c l o c k  t im e  o f  t h e  Dekan i n  
b o t h  c a s e s ,  d i r e c t l y  an d  b y  way o f  t h e  t a r g e t .  T h i s  s t o p  
w a t c h  was c h e c k e d  by  two o t h e r  w a t c h e s  an d  fo u n d  t o  be  
c o r r e c t .  The Dekan was c h e c k e d  b y  t h i s  s t o p  w a tc h  by 
s t a r t i n g  an d  s t o p p i n g  b o t h  a t  " e x a c t l y "  t h e  same t i m e .  
T h e r e  i s  a  p o s s i b l e  e r r o r  i n  s y n c r o n i z a t i o n  o f  s t a r t s ,  
t o  w h ic h  2 / 1 0 0  o f  a  s e c o n d  d e v i a t i o n  b e tw e e n  t h e  two c o u l d  
be  a t t r i b u t e d .  The T im e r  was f o u n d  t o  a g r e e  w i t h  t h e  
t e s t i n g  s t o p  w a t c h .
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APPENDIX J (C on tin u ed )
Check Times ( c l o c k  d i r e c t l y )
Watch
60 i04 ( 6 0 i 0 )
6 0 :0 5  ( 6 0 : 0 )
60:06 ( 6 0 :1 )
6 0 : 0 0  ( 6 0 : 0 )
59:09 ( 6 0 : 0 )
60:03  ( 6 0 : 0 )
59:00 ( 59: 0 )
60:20 ( 6 0 :0 )
59:15 ( 50 : 0 )
60:30  ( 6 0 : 0 )
59:9 (60 :0 )
60:0 (6 0 :0 )
60:1 ( 6 0 : 0 )
60:0 ( 6 0 : 0 )
59:9 ( 6 0 : 0 )
60:0 (60 :0 )
59:7 (60 :0)
60:2 ( 60 : 0 )
59:2 (59 :0)
60:2 (60:0)
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